
I » 

^ 

^ 

CO 

o ^c 
RIM-AIR STUDY 

OPERATIONS ANALYSIS DEPARTMENT 

8 

NAVY FLEET MATERIAL SUPPORT OFFICE 

M«choniciburg, P«nnsylvonia 17055 

US 
far puhUc ratooM and »aim: Mi 

Ob' 

88    08   04    •!« 
«•pert 15S 



RIM-AIR  STUDY 

PROJECT NUMBER 9321-E66 

REPORT NO.   155 

SUBMITTED: 
F.   C.   STRAUCH "^ 
OPERATIONS RESEARCH ANALYST 

J.  W7 GARDffER 
OPEHATIONS RESEARCH ANALYST 

APPROVED: 
G.'J. ANGSLOPÖULOS, i G. J. ANGSLOPOULOS, CDR, SC, USN 
DIRECTOR, OPERATIONS ANALYSIS 
DEPARTMENT 

B, WHITTAKER, CAPT, SC, USN 
COMMANDING OFFICER, NAVY 
FLEET MATERIAL SUPPORT OFFICE 

DATE: 
jpl|M 

Thfai dociun«at hen bara approve 
for public raleas« and «ale; its 
dlrtibutlon la uallmitad. 



G 
Abstract 

Naval Supply Systems Command (COMNAVSUPSYSCOM) proposed the Repairable 

Integrated Model for Aviation (RIM-AIR) model to compute Aviation Consolidated 

Allowance List (AVCAL) requirements during the provisioning and AVCAL develop- 

ment processes at Navy Aviation Supply Office (ASO).  The AVCAL is a 

consolidated listing of the range and depth of aeronautical material required 

by ships. Marine Air Groups (MAGs), and Naval Air Stations to support aircraft 

operations.  RIM-AIR was designed to eliminate the dichotomy between the 

material availability goals and stockage criteria promulgated in OPNAVINST 

4441.12A while complying with the policy established by DODIs 4140.45, 4140.46, 

and 4140.47.  This report analyzes alternative range and safety level criteria 

for RIM-AIR, recommends specific alternatives and discusses issues relevant to 

the implementation of these recommendations. 
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Executive Summary 

1. Purpose.  The Repairables Integrated Model for Aviation (RIM-AIR) was 

proposed by the Naval Supply Systems Command (COMNAVSUPSYSCOM) to eliminate the 

dichotomy between the material availability goal:: and stockage criteria 

promulgated in OPNAVINST 4441.12A. RIM-AIR was designed to comply with DODIs 

4140.45, 4140.46 and 4140.47. 

As developed by COMNAVSUPSYSCOM, RIM-AIR is a depth model.  The RIM-AIR 

requirement specifically consists of an operating level, repair cycle level, 

order and ship time level, resupply delay time level, endurance level and 

safety level.  To complete the model, range and safety level criteria must be. 

selected. This study analyzed alternative range and safety level criteria for 

use with the depth model. 

2. Approach. The cost and effectiveness of alternative range and safety level 

criteria were quantified. The range alternatives examined were the current 

range rules, range based on the depth computation, and range based on number of 

removals. The safety level alternatives were fixed protection against being 

out of stock, a simple variable protection procedure and an optimization of 

cost/effectiveness. A benchmark was established based on the range and safety 

level criteria currently used by the Aviation Supply Office (ASO). 

The evaluation criteria used to compare alternatives were net and gross 

supply effectiveness. An analytical model of the repair and requisition 

processes was used to develop effectiveness statistics based on the item 

characteristics of the candidates for stockage. The completeness of the 

candidate data was quantified using Navy Maintenance and Material Management 

(3M) data.  The accuracy of item characteristics was modeled statistically. 

Both factors were considered in the effectiveness computations. The candidate 



item data were extracted from the Allowance Requirements Registers (ARRs) used 

to construct the Aviation Consolidated Allowance Lists (AVCALs;) for the USS 

CONSTELLATION and NAS Brunswick.  These data contained a repair rate, attrition 

rate and turnaround time for each candidate.  Order and ship time data were 

obtained from the Requisition Response Time Management Information System 

(RRTMIS) and Uniform Automated Data Processing System (UADPS) Level II Leadtime 

Process.  Wartime and peacetime flying hour programs provided by ASO were used 

with these item characteristic to compute requirement quantities and forecast 

effectiveness. 

3.  Findings. 

a.  Repairables.  The benchmark quantities almost completely filled the 

repair cycle, order and ship time and resupply delay tim- levels for both study 

activities.  However, there was little left over for a safety level. Filling 

the safety levels provided the greatest increase in effectiveness. Adding the 

operating and endurance levels increased effectiveness but the cost per 

percentage point increase was higher. 

The wartime gross effectiveness of the RIM-AIR quantities for the USS 

CONSTELLATION was below the OPNAVINST 4441.12A goal of 75% with the current 

range criteria and fixed protection.  Stockage based on predicted removals 

above a threshold was found to be the best range criteria with fixed 

protection. The cost to meet the OPNAVINST 4441.12A goal with this range 

criteria and 85% fixed protection was $45.7M above the benchmark. This cost 

was reduced $15.IM by optimizing the safety Invel with the same range of items. 

Optimizing range and safety level lowered the cost another $3.3M.  This still 

leaves a cost increment of $27.3M.  This cost increment can be reduced by 

applying constrained order and ship times.  If the constrained order and ship 

times used by ASO in their 2R/8R cog item initiative are used, the cost 

11 
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increment is reduced to $15.5M (in addition to $2.9M for the ASO 2R/8R 

initiative). These cost increments are minimums and could be higher when more 

accurate candidate data is used. 

The peacetime gross and net effectiveness of the RIM-AIR quantities for 

NAS Brunswick were above the OPNAVINST 4441.12A goals of 65% gross and 85% net 

with the current range criteria and fixed protection.  Eighty-five percent 

fixed protection produced a gross peacetime effectiveness of 71% at a cost 

$4.7M above the benchmark.  Optimizing range and depth to this level of 

effectiveness lowered the cost to $2.3M above the benchmark.  If the 

constrained order and ship times discussed above are used, the cost increment 

above the benchmark is $1.1M.  As with the USS CONSTELLATION repairables, 

these costs are minimums. 

b. Consumables. The benchmark quantities filled the order and ship time 

and resupply delay time levels for the USS CONSTELLATION.  As with the 

repairables, there was little left over for a safety level. Filling the safety 

level increased effectiveness, but adding the operating level provided the 

greatest increase in performance. NAS Brunswick consumables were not examined 

because it is anticipated that requirements for Naval Air Station consumables 

will continue to be determined under Variable Operating and Safety Level 

(VOSL). 

The wartime gross effectiveness of the RIM-AIK quantity for the USS 

CONSTELLATION was below the OPNAVINST 4441.12A goal of 75% with the current 

range criteria.  This shortfall was due to the large number of demands for 

noncandidate items. The maximum gross effectiveness achievable with the ARR 

candidate data was 34%. Thus no range criteria could stock enough items to 

meet the goal.  The range by depth criteria was found to stock the most items 

for a given cost with safety level computed with fixed protection. However, 

lii 



the range by depth criteria stocks almost all low cost items with predicted 

demand greater than zero. The current range criteria has the ability to 

differentiate among low cost items and is therefore preferable. 

An analysis of the variable protection approaches failed to show any 

benefit over fixed protection.  The large number of demands for noncandidate 

items and high variability of the candidate item characteristics negated the 

benefits of varying protection.  Because fixed protection is simpler and 

performs as well, it is preferable. 

4.  Recommendations ■  The following recommendations are made as a result of 

this study: 

Use the optimization to determine both range and safety level for 

repairables. 

Use the current range criteria and fixed protection to determine safety 

level for consumables. 

.  Implement RIM-AIR in the ASO retail provisioning and UICP AVCAL develop- 

ment processes. 

. 

J 
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I.  INTRODUCTION 

OPNAVINST 4441.12A prescribes policy for the development and maintenance of 

aeronautical material requirements for ships, Marine Air Groups (MAGs) and 

Naval Air Stations (NASs).  Criteria are provided that are currently used in 

the computation of the range and depth of stock required to support aircraft 

operations at these activities.  Material availability goals are also 

specified. Previous analyses conducted by FMSO and ASO have concluded that the 

material availability goals cannot be achieved with the specified range and 

depth criteria. This dichotomy in policy was documented in reference (1),, 

Appendix A.  In response to this dichotomy, Commander, Naval Supply Systems 

Command (COMNAVSUPSYSCOM) proposed a pipeline model to eliminate the gap     ^ 

between the availability goals and the levels policies.  The term pipeline 

refers to the queue of requirements that forms as not Ready for Issue (non-RFl) 
f 

units enter the repair processes or demands for RFI units enter the requisition 

process.  The number of non-RFI units undergoing repair is referred to as the 

repair pipeline.  The number of requisitions to replace a non-RFI unit that 

cannot be repaired is the requisition pipeline. 

The COMNAVSUPSYSCOM pipeline model was designated Repairables Integrated 

Model for Aviation (RIM-AIR) which is somewhat misleading since the pipeline 

approach can be applied to both consumable and repairable spares. kIt was 

designed to eliminate the dichotomy problem while complying with DODIs 4140.45 

(Standard Stockage Policy for Consumable Secondary Items at Intermediate and 

Consumer Levels of Inventory), 4140.46 (Standard Stockage Policy for Repairable 

Secondary Items at the Intermediate and Consumer Levels of Inventory) and 

4140.47 (Secondary Item War Reserve Requirements Development).  The first two 



Instructions establish procedures for computing Peacetime Operating Stock (POS) 

requirements.  Specifically, an operating level, order and ship time level, and 

safety level are authorized for all demand-supported items and an added repair 

cycle level is provided for repairables.  The third instruction addresses the 

War Reserve Material Requirements (WRMRs).  Increments to the order and ship 

time, repair cycle and safety levels are authorized to satisfy wartime 

recurring demands over and above the peacetime demands.  An additional Resupply 

Delay Time (RDT) level is also authorized to provide material coverage of 

anticipated delays in the wartime retail level supply pipeline.  In addition to 

these levels, COMNAVSUPSYSCOM added a level of stock to RIM-AIR that assures a 

self-supporting capability for a prescribed period of time.  This additional 

level is termed an "endurance delta" and the requirement for a self-support 

capability is established in OPNAVINST 4441.12A. Wartime dema I is used to 

compute this level. 

The POS, WRMR, and endurance levels are combined under RIM-AIR to produce a 

total depth of stock that may be expressed mathematically as follows: 

RIM-AIR Depth * OL 
«AV / OST + EDP I 

+ RCL + MAX \   P      > + 

OST + RDT 
w 

SI. 

where 

OL ■ operating level 

RCL = repair cycle level computed with a wartime flying hour program 

OST ■ order and ship time level computed with a peacetime flying hour 

program 

EDP ■ endurance period support, level to assure a self-supporting capability 

to satisfy wartime demands for a prescribed period of time 



OST - order and ship time level computed with a wartime flying hour 

program 

RDT - Resupply Delay Time level 

SL ■ Total safety level based on the sum of RCL and the MAX computation 

The POS levels authorized by DODIs 4140.45 and 4140.46 may be separated from 

the total depth as follows: 

POS - OL + RCL + OST + SL 
P     P    P 

where 

RCL <■ repair cycle level computed with a peacetime flying hour program 
P 

SL ■ that portion of total safety level required to support peacetime 

flying hours 

Similarly, the WRMR portion of the total depth consists of the following: 

WRMR - (RCL - RCL ) + (OST - OST ) + RDT + SL 
w     p      w     p w 

where 

SL ■ that portion of total safety level required over and above SL to 
w p 

support wartime flying hours 

Finally, the endurance delta represents the difference between OST + EDP 
P 

and OST + RDT. Mathematically, it may be expressed as follows: 

END DELTA - MAX ^ 
EDP - (OST - OST ) - RDT. 

w   p    ; + si, 

n 

where 



SLp ■ that portion of the total safety level required over and above SL 

to support a wartime flying hour program over the endurance period 

A detailed background discussion of the problems and events that led to the 

development of RIM-AIR is provided below. 

RIM-AIR was developed as a mechanism for applying Department of Defense 

(DOD) guidelines to eliminate deficiencies in repairable requirements 

promulgated in the Aviation Consolidated Allowance List (AVCAL).  The current 

OPNAVINST 4441.12A criteria that are used to compute AVCAL requirements do not 

provide support for the total pipeline at retail activities.  The current 

requirement consists of a protected repair cycle level plus unprotected 

attrition support for a 90 day endurance period. There is no support for the 

requisition process, i.e., no order and ship time or resupply delay time 

levels.  The OPNAVINST 4441.12A instruction states that replenishment of 

repairables will be on a one-for-one basis but does not provide an operating 

level.  Since these levels are specifically authorized in the DODIs 4140,45 and 

4140.46 RIM-AIR includes them along with an additional safety level for the 

order and ship time and resupply delay time. 

The need for an Order and Ship Time level was recognized by Aviation Supply 

Office (ASO) which obtained funding for cognizance symbol (cog) 2R/8R material 

Order and Ship Time (OST) levels.  This material has been bought and will be 

Included in ship/MAG AVCALS starting in the summer of 1983.  A program has been 

developed that provides ASO with a basic RIM-AIR capability that can be 

utilized to add the 2R/8R OST levels.  Navy Fleet Material Support Office 

(FMSO) tasking for this effort was provided in reference (2) Appendix A.  The 

2R/8R OST levels being added by ASO only partially solve the deficiencies in 

the current requirements. COMNAVSUPSYSCOM has proposed that RIM-AIR be used to 

add additional levels as funding becomes available until the total RIM-AIR 



requirement  is  achieved.     This  will  require  implementing RIM-AIR  in the 

different processes used to determine  requirements  during the   life of a weapon 

system. 

Requirements  for the  initial  outfitting of a weapons system are determined 

during the provisioning process.     There are currently multiple  requirement 

models  that may be öelected by ASO to compute provisioning quantities.     These 

models must comply with DODI  4140.42 which sets policy  for  the determination of 

initial  requirements  for  secondary  item spare and repair parts.     RIM-AIR can 

easily be adapted to this  directive by eliminating the safety   level.    The 

requirements generated during provisioning must be periodically revised to 

reflect operational experience.     OPNAVINST 4441.12A states  that  ship/MAG 

requirements must be revised no  less  often than every  18 months or prior to 

deployment.     Naval Air Station  requirements must be  revised  at  least every two 

years,  or more  frequently  if required by changes on supported aircraft, 

installed equipment or ground support  equipment.     Revised requirements  are 

generated by the ASO AVCAL process   (re-AVCAL).     This  process   is very complex 

and involves an extensive system of computer programs  and labor intensive 

quality control procedures.     FMSO  is  currently tasked with developing a Uniform 

Inventory Control  Program  (UICP)   system to perform this  function.     Unlike the 

current AVCAL system which utilizes  precomputed requirements,   the UICP system 

will  compute the requirements  directly at the time of AVCAL production.     UICP 

AVCAL requires a mathematical model to compute allowance quantities and the 

RIM-AIR model  can readily meet   this  requirement. 

The pipeline concept upon which RIM-AIR  is based  is extremely  flexible.     As 

mentioned earlier,  this approach can be applied to determine consumable item 

requirements.    While the FMSO dichotomy study concluded that  the difference 

between consumables and repairables supports development of separate consumable 



and repairable models, it is desirable to develop these models within the same 

theoretical framework.  Only two distinctions need to be made between 

consumables and repairables under the pipeline concept.  First, consumables may 

be requisitioned in quantities greater than one.  This means that the operating 

level may be greater than the quantity of one used for repairables.  The 

operating level is easily determined using a Wilson Economic Order Quantity 

(EOQ). The second distinction is that since consumables are not repaired, they 

do not require a repair cycle level. With these two modifications, the 

mathematical formula presented earlier can be used to compute consumable 

requirements.  There is a need for a consumable computation procedure to 

determine ship/MAG AVCAL requirements.  Consumable retail requirements for 

Naval Air Stations are computed under Variable Operating and Safety Level 

(VOSL) procedures and it is envisioned that this will continue. 

Two questions need to be answered before RIM-AIR is ready for 

implementation. First, how will the amount of safety level protection afforded 

each item be determined? The simplest answer to this question is to use a 

fixed level of protection for each item.  The only drawback to this approach is 

cost. Cost can be reduced by varying protection according to the individual 

characteristics of the items. However, this raises the question as to whether a 

variable protection approach can be found that is workable in a production 

environment. The second question that needs to be answered is which items 

should be stocked? RIM-AIR as developed by COMNAVSUPSYSCOM is a depth model, 

but to be complete, it must be coupled with a range rule. One possibility is 

to use the current range criteria. The disadvantage of the current criteria is 

that attrition and repair demand are segregated and separate range criteria are 

applied to determine attrition and repair support. This splitting of demand 

results in nonstockage of items that would have been stocked had demand been 

» 
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combined.  Simply coTrMnirg demaml does not solvr flic problem bccr'ur.n different 

range rule correptf; nre mrre.ntly applied to the rttrition ard repair segments. 

Stockagc for attriticr support it: based on a dMUmd threshold.  That is, ar 

item is stocked fvt   attrition support if the forernstcd demand is above a 

rertain level.  Stockage in support of the repair process is provided so as to 

provide 90% fixed protecticr against stockout in the repair pipeline.  If a 

quantity of rero provides the required protection, the item is net wrecked for 

repair support, otherwise, it is stocked with thr appropriate quantity. 

Therefore, an item is stocked if the depth model reroutes to ore cr more; in 

essence, the range is determined by the depth calculation. 

In order to complete the RIM-AIR model for implementation, COMNAVSUPSYSCOM 

tasked FMSO by reference (3) Appendi:; A to study the two questionp discussed 

above.  The ccst/effectlveness of alternative variatlors of the RIM-ATP model 

were to be evaluated. As the study progressed, it vas decided that the impact 

of data inaccuracies should be considered in the evaluation.  Reference (4) 

Appendix A provided COWAVSUPSYSCOM vith new resource and milestone estimates 

to consider this additional problem. Reference (5) Appendix A stated that an 

optimization model based on minimizing essentiality-weighted units short might 

be made available within the timefrares of UICP AVCAL and that the results of 

the RIM-AIR study would be delayed until testing of the optimization was 

completed.  This report addresser, both the impact of data inaccuracies on 

effectivenesr. and a simple rptimizaticn procedure developed specifically for 

R1M-A1R. 

IT.  APPROACH 

A. DATA. The set of data for this rtudy consisted of nil items applicable to 

the aircraft in the deckloads of the ISS CONSTFLLATIÜN and assigned to NAS 



Brunswlrk.  The item dnta vero  pxtracted trom the Anovarce Requiremnntf 

Pegisters (AkRr) uspd to rrr.Fti-uct the AVCALR that vrre generated for these 

nrtlvlties in Inte 1980 snd early 1981, respectively.  The speciflr 

Type/Kodel/Scrlrs nircrnff supported h> each activity are SKCUT. in TABLE I. 

TABLE T 
Type/Modcl/Serlef Aircraft 

j       LSS CONSTELLATION NAS BRUNSWICK     | 
1               Aircraft Aircraft 

i     F1AA RFUA P3A               1 

i   A7E E2C P3B               | 
1     A6F SH3H P3C               | 
I     KA6D S3A UH1N             j 
!     FA6B CIA 

) 

A total of 4A,099 CHtidldntc items were extracted from the appropriate Section 

B, BN, R and X ^PFF for the USS CONSTFLLATION.  The candidater were regregated 

into two main categories:  consumahler. and repalrabies. The Repair Code (the 

fourth position of the Source Maintenance and Recoverabillty (SK&R) Code) was 

used to distinguish between the two catcgorler.  There were 3^,852 candidate 

items with a Repair Code equal to B or 7.  These itemc vere considered to be 

consumablen.  The remaining 9,247 candidate items were considered tc be 

repalrables. 

Similarly, a total of 13,389 candidater. were extracted for NAS Brunswick. 

There were 3,474 candidate Items with n repair SK&R rode other than B or Z thr.r 

were considered to be repalrables. The remaining items were dropped since 

RIM-AIR Is not being considered for consumable items at NASs where there 

requirements will continue to be determined using VOSL. 

The item characteristics needed for R1K-A1R Include the Rotatable Pool 

Factor (RPF), Maintenance Replacement Factor (MRF), Turnaround Time CTAT), and 

unit price.  The RPF Is the repair rate, at the intermedlntc level of » 



mnlntenance. The MRF la the attriticr. rnto ?t thr rrganizntlrrrl nrd 

"tTitprTnedLTtr levels of iiif^ntcn.nrco.  The TAT Is tVt   t iiwv  it  t.nkes to icnove n 

fplled componerf nt the  organizntiorrl Irvc] of maintennncc r.r.ri rcp.Tfr it   at 

the  Intermediate level. Patn elements contAinlrg these item chm. cterlptlcc may 

be found in the ARRE erö  are Dntf Flement NnrbcrF CnrNs) FC01A (RPF), F001 

(MRF) nrd FOIOE (TAT) .  Those DFNP were extracted for the candidate items by 

ASO for use in thie   study. The values found ir\  there EFNi; as well .if. the unit 

pr^re were screened to e]ipi5nnte candidate itemp that were suspected of 

containing erroneous dntr. that would distort the results of the study.  A total 

of 454 erndldates were deleted from the USS COKSTFLIATTON data base. 

Thirty-one repairable randidater. were deleted from NAE Prunswick drtr base. 

TAELF, 11 strctifles statistics on the number of ra.ndldates extracted from the 

ARRs, deletions and the net number ci candidate.'; used in the study by cog. 

Detailfi of the criteria used in the screening proeesr. are contained in Appendix R. 



TABLE II 

Items Deleted by Screening 

Total AAK Candidates 
Total Candidates Deleted 
Study Candidates 

Repairable ARR Candidates 
Total Repairables Deleted 
Study Repairables 

2R/8R Candidates 
2R Deleted 
Study 2R/8R 

1R Candidates 
1R Deleted 
Study 1R 

Consumable AAR Candidates 
Total Consumables Deleted 
Study Consumables 

1R Candidates 
1R Deleted 
Study 1R 

9 Cog Candidates 
9 Cog Deleted 
Study 9 Cog 

) 

USS NAS 
CONSTELLATION BRUNSWICK 

44,099 3,474 
454 31 

43,645 3,443 

9,246 3,474 
61 31 

9,185 3,443 

6,493 2,112 
50 26 

6,443 2,086 

2,069 621 
0 1 

2,069 620 

34,853 N/A 
393 N/A 

34,^60 N/A 

6,952 N/A 
34 N/A 

6,918 N/A 

27,797 N/A 
358 N/A 

27,439 N/A 

The 61 repairable candidates deleted from  the USS CONSTELLATION data base 

accounted for 31% of the total wartime quarterly removal  forecast fcr all 

extracted USS CONSTELLATION repairable candidates.     Fifty-three of the deleted 

repairables were on the AVCAL produced by ÄS0  for the USS CONSTELLATION.     The 

total dollar value of the AVCAL requirements  for these items was $6.1M.     The 

393 consumables deleted accounted for 68% of the wartime quarterly removal 

forecast  for all extracted consumable candidates.    Thiry-seven of the deleted 

consumables had predicted quarterly removals  In excess of  1,000 units.    These 

items alone accounted for 39% of the quarterly removals for all consumable 
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candidates.     Three hundred eighty four of the deleted consumables were on the 

USS CONSTELLATION AVCAL.     The total dollar value of the AVCAL requirements  for 

these items was $204K.     The 31 repairable candidates deleted from the NAS 

Brunswick data base accounted for 36% of the quarterly peacetime removal 

forecast for all extracted NAS Brunswick repairable candidates.    One of these 

items had predicted quarterly removals  in excess of  1,000 units and accounted 

for 17% of the quarterly removal forecast for all NAS Brunswick repairable 

candidates.     Eighteen of the deleted repairables were on the ÄS0 AVCAL with a 

total dollar value of $983K. 

The RIM-AIR model requires data on order and ship time.    Average order and 

ship times were computed for various cog groups  as shown in TABLE  III.     All 

candidates within a cog group where assigned the  average order and ship time. 

TABLE  III 

Observed OSTs in Days 

Cogs        USS CONSTELLATION    NAS BRUNSWICK 

2R/8R 62.8 39.9 
1R 51.9 31.8 
All 9 Cog 51.9 26.9 
Others 68.2 48.3 

The order and ship times shown in TABLE III represent the total time from 

the date of the requisition to the receipt date.  This Includes the time an 

item may have been backordered at the Inventory Control Point (ICP). The data 

used to compute order: and ship times for the USS CONSTELLATION came from the 

Requisition Response Time Management Information System (RRTMIS)/Performance 

Analysis of Response Time Segments (PARTS) report.  Four quarters of calendar 

year 1980 data were compiled. Only requistions submitted and received while 

the ship was deployed were considered.  The data used to compute order and ship 

times for NAS Brunswick came from the Uniform Automated Data Processing System 

11 



(UADPS) level II Leadtime Process.    Three quarters of data from 1980 and 1981 

were compiled. 

Benchmark requirement quantities were computed from the candidate data 

using the stockage criteria currently applied by ASO.    USS CONSTELLATION 

requirements were computed to support a wartime  flying hour program provided by 

ASO.     NAS Brunswick requirements  are only designed to support peactime 

operations and were computed using a peacetime flying hour program provided by 

ASO.     The benchmark requirements roughly equate to the gross AVCAL generated by 

ASO from the raw ARR data.     The difference between  'he benchmark and the gross 

AVCAL is that the benchmark requirements were computed directly from the item 

characteristics found in the AARs whereas the ASO gross AVCAL is a compilation 

of precomputed ARR quantities.   The benchmark for the USS  CONSTELLATION was 

computed with and without the additional 2R/8R OST  level  that ASO will start 

adding to the AVCAL in the summer of 1983.    The benchmark served as a point of 

comparison for the alternative versions of RIM-AIR examined in this study.    The 

benchmark was also compared to the final AVCAL requirements produced by ASO for 

the two study activities. 

B.    ALTERNATIVE RANGE CRITERIA.    Current requirement computations develop 

separate attrition and local repair cycle asset quantities.    Separate range 

criteria exist to determine whether an item will be stocked for attrition 

and/or local repair cycle asset support.    Attrition support is provided to 

items with predicted quarterly attrition demand above an established threshold. 

The threshold is varied according to the unit price of an item.     Items with a 

unit price less than $5,000 are stocked if the predicted quarterly demand is 

.34 or more.    This equates to an average of one unit attrited every nine 

months.    Items costing $5,000 or more must have a predicted quarterly demand of 

.5 or more. This equates to one unit attrited every six months on the average. 

12 
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There is one exception to this procedure.  Items stocked for local repair asset 

support may only be stocked for attrition support if the predicted quarterly 

demand is one or more. 

The decision to provide local repair cycle asset support is based on the 

predicted number of repair demands during the average Intermediate Maintenance 

Activity (IMA) TAT.  Repair demands during the TAT represent the average number 

of units undergoing repair and is equal to the RIM-AIR repair cycle level. 

When this repair cycle level is .11 or greater, the item is stocked to a depth 

that gives 90% protection. The .11 cutoff is the point at which a quantity of 

zero no longer provides 90% protection.  That is, items with a repair cycle of 

.11 or less don't require stockage because a stock quantity of zero satisfies 

the depth criteria.  Thus, the range is really determined by the depth and 

nonstocked items are those computing to a depth of zero. 

The current range criteria were examined in conjunction with RIM-AIR.  This 

was done primarily to establish a range benchmark for comparison to other 

methods. The undesirability of splitting demand into pieces was established in 

reference (1) of Appendix A.  The logical solution to the problem of split 

demand is to combine the demand prior to applying the range criteria.  Since 

there are currently two approaches to selecting range, both were examined in 

this study in conjunction with the RIM-AIR depth model.  In applying a demand 

threshold, the demand was not split into parts. The total projected number of 

removals was compared to a specified threshold parameter to determine if an 

item would be stocked.  Similarly, RIM-AIR computes only one quantity that 

represents the total requirement to support both attrition and repair demands. 

Thus, when the range was determined by the depth computation, the item was 

stocked when the total requirement was one or more. 
■ 
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In addition to the two approaches to range selection discussed above, 

COMNAVSUPSYSCOM proposed using the concept of an Accommodation Index. The 

Accommodation Index is based on the gross and net supply effectiveness goals 

for an activity.  For example, the OPNAVINST 4441.12A goal for ships and MAGs 

is to satisfy 75% of all demands and 85% of demands for stocked items.  If 

sufficient depth is provided to meet the 85% net goal, then approximately 88.2% 

of all demands must be for stocked items if the 75% gross goal is to be 

achieved. The fact that the gross goal will be met may be seen by considering 

that if 85% of demands for stocked items are satisfied and demands for stocked 

items represent 88.2% of all demands, then 85% times 88.2%, or 75% of all 

demands will be satisfied. The Accommodation Index here is .882 and is derived 

by dividing the gross effectiveness goal by the net effectiveness goal. To 

meet the OPNAVINST 4441.12A goals for shore activities supporting aircraft the 

Accommodation Index is 65% divided by 85%, or approximately .765.  The 

Accommodation Index is applied by arraying the candidates for stockage 

according to predicted quarterly removals.  Candidates with the highest 

predicted removals are sequentially selected for stockage until the total 

predicted removals for stocked items equals or exceeds the product of the 

Accommodation Index and the total predicted removals for all candidates.  In 

essence, the Accommodation Index approach is a kind of variable demand 

threshold where the demand threshold varies from activity to activity and is 

determined based on the list of candidates for stockage at an activity and the 

projected removals for each item. 

C.  ALTERNATIVE SAFETY LEVEL CRITERIA. The DOD instructions that apply to 

retail stockage computations do not specify how the safety level is to be 

computed. Current stockage criteria provide safety stock for the local repair 

cycle but not for attrition support which is computed as average attrition 

14 
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demand over the support period rounded at .5.  There are two basic approaches 

to compute safety ]evels that were examined in this study.  The first Is to 

nsslgr a given fixed level of protection which car he applied to all Items. 

Currently local repair cycle quantities are provided 901  protection. The 

protection concept represents the probability that there are no backorders for 

an item at a random point in time. A further explanation of protection is 

provided in the next section entitled "Evaluation Criteria for RIM-AIR".  The 

smallest integer quantity that provides the fixed protection en the repair 

cycle, OST, RDT and endurance delta levels is selected as the reorder point for 

each Item. 

The total requirement is the sum of the reorder point and operating level. 

The Operating Level (0I-) for repairables is always one unit. For consumables, 

the operating level was computed as a Wilson FOQ: 

.y; 
-^ 

where 

D ■ annual  peacetime attrition demand 

A c order cost 

I ■ holding cost rate 

C ■ unit price 

A Wilson EOQ was also computed for repairables when the range was determined by 

the depth computation.  If the reorder point was zero, a repairable was still 

stocked in a quantity of one when the Wilson EOQ was one or more using .5 

rounding. 
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The total safety level is obtained by subtracting the levels protected from 

the reorder point. The total safety level may be subdivided into peacetime, 

wartime, and endurance delta components. The detailed procedures for 

accomplishing this subdivision are contained in Appendix C. 

The fixed protection approach outlined above has the advantage of 

simplicity. The total requirement for each item can be computed with a simple 

algorithm or even read from a table.  Furthermore, each item's requirement is 

derived from its own characteristics and in no way depends on the 

characteristics of other items in the candidate file.  Unfortunately, 

experience has shown that fixed protection can be very expensive.  It is 

desirable to hold down the cost of an inventory without reducing the predicted 

level of performance for the inventory. This can be achieved by varying the 

protection afforded items according to individual item characteristics. 

Variable protection is the second approach to computing safety levels examined 

in this study. The definition of performance, or effectiveness, of an 

inventory applied in this study will be addressed in the next section titled 

"Evaluation Criteria".  A discussion of the variable protection techniques 

examined in this study is presented below. 

A simple, straightforward approach to variable protection is to directly 

compute an item's protection as a function of unit price, predicted removals 

and essentiality. As unit price increases, the level of affordable protection 

for an item decreases.  As the number of predicted removals and the 

essentiality increase, the level of protection required to sustain performance 

increases. Mathematically, these relationships are embodied in the following 

formula for protection: 

Protection = 1 - ^£ 
E*D 
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where 

T ■ control parameter 

C ■ unit price 

E * essentiality 

D * predicted removals 

A control parameter (T) Is Included In the formula to serve as a mechanism 

for increasing or decreasing protection for all Items,  in general, the control 

parameter will be a value between zero and one. Decreasing the control 

parameter Increases the protection given each Item and hence Increases the cost 

and predicted effectiveness of the requirements camputed by this method.  By 

altering the control value, a mix of requirements with a given total cost or 

predicted effectiveness can be found. 

A more sophisticated approach to variable protection is to base 

requirements on the relative cost/effectiveness of the candidates. This 

technique Is known as marginal analysis. The general procedure is simple. The 

cost/effectiveness of adding one additional unit of stock to each candidate is 

computed.  The candidates are ranked according to the cost/effectiveness and 

one unit of stock Is added for the most cost/effective Item.  The 

cost/effectiveness of adding the next unit for this item is then computed, Its 

place in the ranking is determined and a unit of stock is again added for the 

next most cost/effective item. The process Is continued until a total cost 

constraint or effectiveness target Is reached. The advantage to this approach 

is that once a cost constraint is achieved, the Inventory selected will provide 

the maximum amount of effectiveness achievable Cor that cost. Conversely, If 

an effectiveness target is selected, the process will select an Inventory that 

achieves that effectiveness at minimal cost. The disadvantage to this approach 

is the fact that all candidate items and their relevant characteristics must be 
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loaded into a computer before execution of the algorithm can begin. Computer 

capacity is thus a critical factor to the successful application of marginal 

analysis.  Historicilly, the constraint on the number of items that could be 

loaded into the computer has limited the marginal analysis approach to problems 

involving a small range of candidates. !   oblems involving large numbers of 

candidates must be separated into a ser. is of problems involving small packages 

of candidates.  Even when a computer program is designed with what seems to be 

sufficient capacity, sooner or later a candidate package is encountered that 

exceeds that capacity and the program cannot be used for that package. 

Fortunately, a mathematical technique exists that eliminates the computer 

capacity problem.  The technique of Lagrange Multipliers in essence permits the 

stockage increments associated with a given item in the marginal analysis 

algorithm to be separately identified so that the stock level for the item can 

be determined based on that item's characteristics alone.  The Lagrange 

Multiplier functions in a manner very similar to the control parameter used in 

the simple variable protection approach. The control parameter directly 

determined how much protection a particular item received.  The Lagrange 

Multiplier indirectly determines this protection by deciJ^ng where the marginal 

analysis algorithm would stop if it were used.  The lower the Lagrange 

Multiplier, the longer the algorithm would run, and hence, the greater the 

total cost and predicted effectiveness.  A detailed explanation of the Lagrange 

Multiplier techique is presented in Appendix D.  It should be noted that the 

simple variable protection approach is derived by applying the Lagrangc 

Multiplier technique with a different effectiveness measure.  This approach is 

used to compute requirements for load lists. 

Both the simple variable protection and the Lagrange Multipler Optimization 

. 

approaches allow direct computation of an item's requirements from the item's 
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characteristics.  However, this computation involves an unknown parameter, 

i.e., the control parameter or Lagrange Multiplier.  Finding the right 

parameter, involves making a series of progressively educated guesses of the 

true value of the parameter.  Requirements are computed for each item based on 

the current parameter estimates and total cost and predicted effectiveness 

statistics are accumulated.  The relationships between cost and effectiveness 

and the unknown parameter can be established by plotting the results for each 

of the parameter estimates.  A new set of refined parameter estimates can be 

made so as to produce results closer to the desired cost or effectiveness 

target.  This iterative process can be repeated until a result is produced that 

is within tolerable limits of the target.  The tolerable limits must be 

determined by the user. Experience in this study indicates that two or three 

iterations are usually needed to achieve the desired objective. 

Because the simple variable protection and the Lagrange Multiplier 

Optimization approaches to variable protection both require estimating unknown 

parameters, neither is any easier to apply in practice than the other.  Both 

require user involvement that is absent in the simpler fixed protection 

approach.  However, the potential cost savings far outweigh the inconvenience. 

Both approaches were examined in this study.  The optimization guarantees the 

highest effectiveness for the lowest cost if the item characteristics uued in 

the computations are accurate.  Although the protection given an item based on 

its own characteristics (which in the optimization are expanded to include TAT, 

OST, and RDT), that requirement can be affected by changes in the 

characteristics of other items. This means that theoretically all requirements 

should be reoptimized whenever any item characteristics change.  Obviously, 

this is not very practical.  Procedures for dealing with data base changes when 

an optimization is used are discussed in the Recommendation Section.  This 
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problem also exists with the simple variable protection approach because of the 

control parameter. 

Both the simple variable protection and optimization approaches examined in 

this study are capable of having demand weighted with item essentiality. 

Currently, there is no readily available essentiality code that relates an item 

to H'H Impnct on Lhfi mission of the weapons system.  Efforts are underway to 

establish such codes for application in the future. A placeholder has 

therefore been put into the RIM-AIR computations to allow these codes to be 

applied once they become available. 

D.  EVALUATION CRITIRIA. Three statistics were used to evaluate the 

alternative range and safety level criteria examined in this study:  (1) range, 

(2) dollar value, and (3) supply effectiveness.  Range refers to the total 

number of line items stocked by the range criteria.  Dollar value is the total 

cost obtained by summing the product of the requirement quantity and unit price 

over all items stocked. Supply effectiveness is the percentage of demands for 

material that can be satisfied immediately from on-hand stock without waiting 

for the item to be repaired or requisitioned from an external source of supply. 

The supply effectiveness presented in this study was derived from an analytical 

model of the repair and requisitioning processes at the study activities. The 

analytical model predicts steady state supply effectiveness based on the 

charactersitics of the candidate items. Steady state supply effectiveness is 

that which would be reached once the repair and requisition processes were 

operating for an extended period of time. The steady state supply 

effective ess statistic was selected for two reasons. First, steady state 

supply effectiveness Is easy to compute. This Is important because the 

capability to perform manual computations must exist. Second, the completeness 

and accuracy of the data required to perform computations Is not good enough to 
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Justify using a more sophisticated performance measure at this time. Nonsteady 

state measures require specifying item characteristics as a function of time 

and this detailed scenario data does not currently exist in the production 

environment.  Performance measures that address aircraft availability require 

indenture structures that have historically caused major data processing 

problems for computer models attempting to use them.  Efforts are underway to 

identify and correct data base deficiencies.  Reference (6) Appendix A 

delineates a long term operation analysis/research project at FMSO to develop a 

readiness oriented requirements model.  However, it is anticipated that the 

steady state supply effectiveness measure will remain the only practicable 

means of predicting performance of a production inventory in the near future. 

A discussion of the steady state supply effectiveness measure used in this 

study is presented below. A detailed discussion of the mathematical background 

behind this measure may be found in Appendix D. 

The steady state supply effectiveness used in this study is derived by 

viewing the repair and requisitioning processes at an activity as a queuing 

processes. Equipment failures generate arrivals.  The RPF along with installed 

population and projected flying hours are used to determine the arrival rate 

for the IMA repair process. The MRF is similarly used to determine an arrival 

rate for the requisitioning process.  The average time an item spends in the 

repair process is the IMA turnaround time.  The average time an item spends in 

the requisitioning process is the peacetime order and ship time.  Under wartime 

conditions, it was assumed that the order and ship time would increase by an 

amount equal to the resupply delay time. The average number of items in a 

queuing process equals the product of the average arrival rate and the average 

time spent in the process. Mean repair and requisition pipeline quantities were 

computed in this manner using peacetime and wartime flying hour projections. 
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The total mean pipeline is the sum of the mean repair and requisition 

pipelines. 

A distribution of probabilities on the number of units in the repair or 

requisition queue can be postulated. In this study, a Poisson distribution was 

used. The mean of this distribution was set to the total mean pipeline 

discussed above.  If no stock is carried at an activity, this distribution 

provides the probability that a given number of expeditious repair actions 

and/or direct turnover requisition exist at a random point in time. When stock 

is carried, these entities exist only when the number of units in the total 

pipeline exceeds the stock quantity. The probability that no backorders exist 

is the protection provided by the stock levels.  Protection is the probability 

that the total pipeline is less than or equal to the stock quantity. Another 

probability of interest is the probability that a demand, which is assumed to 

occur on a one-for-one basis, can be satisfied by immediately issuing a unit 

from on-hand stock. This probability is known as a Fill Rate. The Fill Rate 

equals the probability that at least one RFI unit is available to issue. This 

in turn is the probability that the total pipeline is less than the stock 

quantity. Thus, the difference between protection and the Fill Rate is the 

probability that the total pipeline exactly equals the stock quantity. When 

this is true, there are no backorders but should a demand occur it would be 

backordered. 

The expected number of satisfied demands over any period of time in steady 

state can be found by multiplying the Fill Rate by the expected number of 

demands. When essentiality becomes available, it will be used to weight the 

individual demands.  The satisfied demands can be accumulated across items 

along with total expected demand. The expected supply effectiveness equals the 

accumulated units satisfied divided by the accumulated units of demand.  Since 
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demand Is expressed In units, the supply effectiveness is unit effectiveness 

vice requisition effectiveness. Both gross and net supply effectiveness were 

computed this way. Gross effectiveness is the percentage of all demands 

satisfied.  Net effectiveness is the percentage of demands for stocked items 

satisfied. 

If supply effectiveness is predicted using the same item characteristics 

that were used to determine requirements then it is implicitly assumed that the 

item characteristics were accurate. The validity of this assumption is 

certainly questionable.  In reality, the item characteristics used to compute 

requirements are forecasts. The reality that determines effectiveness 

Inevitably differs from the forecast.  The accuracy of the forecasting can 

impact the real-world performance of an inventory as much as the computational 

model used to generate requirements.  Furthermore, the performance of all 

computational models are not necessarily Impacted equally. Therefore, the 

accuracy of the data which will be input to a computational model should be 

considered when examining the relative merits of alternative techniques. 

Two forms of data accuracy were addressed in this study:  (1) the 

completeness of the candidate file constructed from the ARR, and (2) the 

accuracy of the item characteristics found in the ARR.  The Impact of demands 

for noncandldate items was determined as follows.  Material issue transactions 

were extracted from the Navy Maintenance Material Management (3M) system.  Data 

from all of calendar year 1981 were extracted from the USS CONSTELLATION while 

a July to December 1981 timeframe was used for NAS Brunswick. The data were 

compared by stock number to the ARR candidates.  Material Issues were coded as 

relating to either a candidate or noncandldate item. The ratio of total items 

demanded to candidate items demanded was computed for various cog groups. 

These ratios are displayed in TABLE IV. These ratios were used to factor up 
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the gross expected demand forecast from the candidate item removal rate.  The 

removal rate equals the RPF plus MRF. Net demand was not factored up because 

it only involves stocked items. There is no net demand for noncandidate items. 

The factored demand quantities were accumulated across items and used in the 

gross supply effectiveness computation. 

. 

TABLE IV 

Gross Demand Factors 

USS CONSTELLATION NAS BRUNSWICK 

2R/8R 1.33 1.66 
1R Repairables 1.17 1.78 
1R Consumables 2.32 1.96 
9 Cog 3.06 3.46 
Others 1.00 1.00 

The impact of using imperfect forecasts of item characteristics to compute 

requirements was assessed by treating the total mean pipeline computed from the 

forecasted characteristics as a random variable. That is, it was assumed that 

the "real" total mean pipeline was distributed somewhere around the known 

forecasted mean pipeline.  A normal probability function with a mean equal to 

the known forecast and a variance (described below) was used to generate a 

sample of "real" total mean pipeline values.  Each generated mean in the sample 

resulted in a different level of predicted units satisfied for an item given a 

fixed stockage quantity.  If the generated mean pipeline is less than the 

forecast, the number of units satisifed will be greater than that which would 

be derived from the forecast.  If the generated mean pipeline is greater, the 

number of units satisfied will be less.  Using the normal distribution, 

theoretically half of the generated means will be less and half greater than 

the forecast of the mean. Generated mean pipeline values greater than the 

forecast have more of an impact on effectiveness than values less than the 
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forecast; the average supply effectiveness, therefore, is  less than that 

predicted with the forecast used to compute requirements.  The difference 

increases as the variance of the normal distribution Increases. 

The variance of the normal distribution discussed above measures the 

accuracy of the item forecasts. The variance was determined by multiplying the 

forecasted total mean pipeline by a variance to mean ratio which was set so 

that the predicted benchmark (without the added OST level) supply effectiveness 

was close to that actually experienced by the activities. This procedure 

understates the variance to mean ratio because the performance observed at the 

activities is that of the final net ASO AVCAL. On the other hand, the benchmark 

approximates the gross AVCAL and, hence, would experience diminished 

performance.  Because the difference in real-world performance between the 

gross and final net AVCALs is not known, the variance to mean ratio that 

reproduced the higher level of final net AVCAL performance had to suffice as a 

conservative estimate.  Such a conservative estimate overstates predicted 

supply effectiveness although the magnitude is unknown.  Variance to mean 

ratios of .5 for repairables and 20.0 for consumables were derived in this 

manner for the USS ONSTELLATION. Unfortunately, the conservative approach 

proved inadequate for NAS Brunswick where the predicted supply effectiveness of 

the benchmark was less than that observed in the real-world even if the 

forecasting was assumed to be perfect (i.e., variance to mean ratio equal to 

zero).  A minimal variance to mean ratio of .1 was used for NAS Brunswick 

although the true value is undoubtedly higher. Thus, the predicted supply 

effectiveness for NAS Brunswick is probably overstated more than that shown for 

the USS CONSTELLATION. 
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III.  FINDINGS 

A.  DIRECT COMPUTATION BENCHMARKS VERSUS ASOs AVCALs.  The benchmark 

requirements used in this study were directly computed from the ARR candidate 

data. That is, the MRFs, RPFs and TATs for the candidate items extracted from 

the appropriate ARRs were used to compute attrition and local repair cycle 

asset quantities for each item.  These two quantities were computed using the 

currmil OPNAVINST 444].12A range and depth criteria and added to obtain the 

total requirement.  The result should approximate the gross AVCAL ASO 

constructs using ARR data.  The difference between the direct compute benchmark 

and the ASO gross AVCAL is that ASO extracts precomputed requirement quantities 

whereas the benchmark was computed from the item characteristics.  The 

precomputed requirements found in an ARR will not always agree with the item 

characteristics in the same ARR.  ASO refines the gross AVCAL by subjecting it 

to a stringent quality review process during which the gross AVCAL requirement 

may be changed. The result of this process is the final net AVCAL. 

The range and dollar value of the direct compute benchmark and final ASO 

AVCAL requirements are displayed in TABLEs V and VI stratified by relevant cog 

groups. As shown in TABLE V, the total dollar value of the ASO AVCAL 

requirements are more than triple the total dollar value of the benchmark 

requirements for both activities.  Furthermore, the range of items stocked on 

the ASO USS CONSTELLATION AVCAL exceeds the range stocked by the benchmark by 

1,860 items.  While the NAS Brunswick benchmark range appears to exceed the ASO 

AVCAL range, it includes 553 9 cog items coded as repairables based on the SM&R 

code.  If these items are eliminated, the ASO AVCAL is seen to contain 364 more 

items. TABLE VI shows that the same situation exists for consumables although 

to a lesser degree. 
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TABLE V 

ASO Repairable Requirements vs. Direct Compute Benchmark 

USS CONSTELLATION NAS Brunswick 

ASO AVCAL Benchmark ASO AVCAL Benchmark 

Range $Value Range $Value Range $Value Range $Value 

Total Repairable 
2R/8R 
2R CLAMP 
IR 

5,544 
4,129 
2,349 

975 

69.4M 
67.3M 
46. IM 
2.1M 

3,684 
2,547 
1,357 

775 

22.2M 
21.8M 
12.7M 
1.4M 

1,346 
1,090 

385 
256 

10. 5M 
10. IM 
4.7M 
0.4M 

1,535* 
806 
302 
176 

3.1M 
2.9M [ 
1.4M 
0.2M 

*N0TE:  Includes 553 9 cog repairables not on ASO AVCAL. 

TABLE VI 

ASO Consumable Requirements vs. Direct Compute Benchmark 

USS CONSTELLATION 

ASO AVCAL Benchmark 

Range $Value Range $Value 

Total Consumables 
IR 
9 cog 

21,385 
4,224 
17,106 

4.3M 
3.1M 
1.2M 

19,538 
4,274 
15,232 

3.4M 
2.4M 
0.9M 

The final net AVCAL can be expected to contain more material than the gross 

AVCAL because the tendency is to add rather than delete material during the 

quality review.  However, when preliminary results of this study were presented 

to ASO representatives, they stated that the magnitude of the difference 

between the ASO AVCAL and the benchmark was greater than would be expected 

between the final net and gross AVCALs.  An attempt was made to find the cause 

of this discrepancy. A sample of 100 CLAMP repairables was drawn from the data 

base for each activity. The sample data included the raw item data used in the 

benchmark requirements computations and the ASO AVCAL quantities. The sample 

data were provided to ASO for manual review.  ASO concluded that the RPFs, MRFs 
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and TATs in the sample data were smaller than those actually used by ASO to 

determine the AVCAL requirements. The cause of this raw data discrepancy could 

not be determined. 

The results of the ASO manual review of the sample data indicate that the 

requirements computed from the ARR data base are understated due to deflated 

item characteristics. This means tunt  the statistics contained in this report 

cannot be interpreted as absolute results. The range and dollar value of any 

of the alternatives examined would increase if that alternative were 

implemented. However, the deflated item characteristics should not affect the 

relative comparisons made between alternatives. The range and safety level 

criteria recommendations as a result of this analysis are therefore valid. 

B.  REPAIRABLES ANALYSIS. 

1.  Fixed Protection. TABLEs VII and VIII show the Impact of adding 

various stock levels to the benchmark requirement until the RIM-AIR requirement 

is achieved. The current range criteria were used to select items for stockage 

and the safety level was computed to yield 90% fixed protection. The 90% 

protection level was selected because the benchmark local repair cycle asset 

quantities are protected to 90%. Statistics are also shown for RIM-AIR 

requirements computed with 85% and 80% protection. The statistics shown are 

range, dollar value of the total requirement as well as various component 

levels and supply effectiveness. Three supply effectiveness measures are 

Included for the USS CONSTELLATION. The first is based on peacetime flying 

hours, the second and third wartime flying hours. The difference between the 

two wartime measures is that the first assumes there is no RDT, i.e., the time 

it will take to requisition material in war will be the peacetime order and 

ship time. The second measure assumes an ROT of 30 days is added to the 

peacetime order and ship time in wartime. Only peacetime effectiveness is V 
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«shown for NAS Brunswick because the benchmark requirements are computed to 

support peacetime operations. The maximum effectiveness that can be achieved 

with the current range rule is shown at the bottom of each table. 

* ' 
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This m«xinium is derived by aflNBi&g Chat All dMMfida for rtcckcid iteir.F rrr 

sntlsfied, l.p., 1007 rrt cffectiverepp. 

In order ti<  thow the trMWltim fror the benchr.ark tr PTt'-ZTt, it was 

neccspnry tr rllrcntc the beichnr.rk quf.ntlties agairnc the P.IM-^TP. 

rcqulrenetit^.  The local rcprir cycle r.rfel  quantitJcj vcre brckti. do\»n into ■ 

reprlt cyclt level rrd safety level.  11.c 90 diy  ittr^ticn quantities were 

segmertcd into OST arc! PDT levels.  The OST levels vcre hreeü on the rrder nrd 

shij' Mtre dfltf» cbf.crved at the art:? vi tier ua discUEffi' ir.  tbe /pprench Sectlcr. 

The RTT waf set cqur.1 to 30 dayn, the sane period used in the perord wrrtimc 

effectivenorf; reasure.  If there var stock loft ever in the cttfltior quantity 

ffter building OST and PJ!T levels for an it«n, it was applied cgain-st the 

safety level reqidrenent.  If the attntirr quantity was insutiicii-nt to fill 

the O^T and RDT levels, it was first aliocrted to OST, then to RDT until it  vrs 

exhausted. 

The impact of adding the 2P./PP cog OST levels for the I'SS fONSTTl LAT10N is 

shown in TABLE VII. Tbe OST levels were f om.trained to 1? days tcr CLAMP iteirs 

and .10 d«yi lor all other 2R/8P iters.  The constrained OST level was rdded to 

the 90 dry attrition level and the total segmented intc observed OST ard PJVT 

levelü ab described ?bnve.  Therefore, the effect of adding the. .T./ßR OST 

levels wöfi primarily to increase the safety level since the 90 day attriticr 

quantity war sufficient to cover the OST ard F.LI levels for ost iterti. 

The greatest payeff in effectiveness rerulted fron fully pretec.ting the 

basic pipeline levels.  The benchnnrk quFntitieii provided little safety level. 

The 2R/8R ÜS1 levels accounted for leas than F  quprte.r of the cost of full 

protection. However, this modest investment produced rn increase in 

effectivenesb equrl to more than a third of that achieved by full protection. 

As the operatinp level and endurance delta were added, the cost per percertcge 
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point inrrepBe in gross wnrtlne nffpctlvenesc inrrerccö.  for the liSS 

CONSTKLLATTON. Tho same ia  true with pross porrctirae effertlvrnepr. for MS 

Brunswick. This trend cf diminishing rrturnp rrn be seen acting In reverse as 

protection le lowered. Fsrh decrense of 5Si protection resulte in a drop of one 

to two percentage points of grosr effectivenecs for the USS CONSTELLATION. The 

cost reduction as^cclated with dropping the protection fror. 90T  to 85J£, 

however. Is grrator than that produced when the protectlcr is further reduced 

to 80%.    The satte trend occurs for NAS Brunswick, A more detalJed analysis of 

the indivldun] levels lo presented helow. 

The first stop In the transition w^f? to fully protect the OST and FDT 

levels along with the repair cycle level to 90%. Ar rar be serr from the 

tables, the basic repair cycle, OST and RDT level requircmentp are almost 

completely satisfied Yy  the benchmark quantities. However, there war little 

left over for safety level. The Impact of the safety level deficiency is seen 

to be between el^ht and J4 percentage points of gross wartir.r < ffcctlveness for 

the USS CONSTELLATION (depending on whether the PPT Is considered) and 20 

perrentr.gc points gross peacetime effectiveness for NAS Brunswick. The cost 

Increase in Tctal Dollar Value to fill the basic levels and provide a 907 

scfety level was $]3.5K for the IISS CONSTELLATION srd fl.3M for NAS Brunswick. 

The 2R/8F OST levels are seen to provide $?.9M of the deficiency for the LSS 

CONSTELLATION with a payback of three to five percentage points of gross 

wartime effectiveness. 

The next step in the transition was to add the operating level (0L) and 

endurance delta level (End A). These levels are shown as they were added 

individually to the protected wartime pipeline requirement. The endurance 

delta level for the USS CONSTELLATION was computed assuming a 90 day wartime 
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endurance period.  The NAS Brunswick endurance delta Is based on a 30 day 

peacetime endurnnce period.  The endurance delta level Is protected to 907.  and 

the cost of the protected endurance delta displayed in the tables includes the 

resulting safety level.  The USS CONSTELLATION operating level costs $900K less 

than the endurance delta yet results in a greater increase In ef lectlvencss In 

peacetime and wartime where there is no RDT.  When the RDT is considered in the 

effectiveness measure, the endurance delta provides greater predicted 

effectiveness in return for the added cost.  The NAS Brunswick operating and 

endurance delta levels both cost the same.  The endurance delta level, however, 

produces two percentage points addllicial  gross effectiveness and four 

percentage points additional net effectiveness. 

The transition to RIM-AIR is completed by adding both the operating level 

and the protected endurance delta to the protected repair cycle, OST and RDT 

levels.  The total USS CONSTELLATION RIM-AIR requirement costs $22.IM more than 

the protected pipelines. This is approximately double the cost of adding the 

operating level alone yet the effectiveness of th? total RIM-AIR requirement Is 

only one to two percentage points greater than that produced by adding the 

operating level in peacetime and wartime if there Is no RDT. The cost of 

stocking both levels pays off when the RDT is considered In the effectiveness 

measure where a six to nine percentage point increase In gross effectiveness 

over that achieved with either level individually is observed. The total NAS 

Brunswick RIM-AIR requirement costs twice as much as the protected repair and 

OST pipelines.  The Increase in cost is almost twice that of adding the 

endurance delta alone yet the increase In effectiveness is only two percentage 

points gross and three percentage points net. 

The maximum gross supply effectiveness achieveable with the current range 

rule for the USS CONSTELLATION as shown in TABLE VII is 74X. This is one 
: 



c percentage point below the OPNAVINST 4441.12A supply effectiveness goal for 

ships/HAGs. To achieve the 74%, the net supply effectiveness must be 100% 

which is theoretically impossible.  The gross effectiveness produced by RIM-AIR 

is 3 to 9 percentage points short of the goal depending on the protection level 

and type of wartime effectiveness.  An in-depth analysis of the alternative 

range criteria discussed in the Approach Section is presented in Appendix E. 

This analysis shows that stocking items based on projected removals above a 

threshold produces the greatest gross supply effectiveness for a given cost 

with fixed protection. Accordingly, the removal threshold that yielded the 

OPNAVINST 4441.12A gross supply effectiveness goal of 75% for the USS 

CONSTELLATION when used in conjunction with RIM-AIR protected to 85% was found. 

The results indicate that the threshold that achieves the goal with both 

wartime supply effectiveness measures is one removal every four years.  Range, 

dollar value and supply effectiveness statistics for this alternative for USS 

CONSTELLATION are presented in TABLE IX.  Also shown is the maximum 

effectiveness that can be achieved with the universe of candidates extracted 

from the ARRs. These maximum values were determined by assuming that all 

demands for ARR candidates are satisfied. This means all ARR candidates would 

have to be stocked with sufficient depth to satisfy all candidate demands. 

It can be seen from TABLE IX that it was necessary to almost double the 

range and increase cost by $14.9M to achieve the OPNAVINST 4441.12A 

effectiveness goals. The total cost to achieve the OPNAVINST 4441.12A goal is 

triple the benchmark cost. As stated in the Approach Section, fixed protection 

may be simple to use but it is expensive. Fortunately, the cost can be reduced 

by applying the variable protection techniques discussed in the Approach 

Section. A discussion of the impact of variable protection is provided in the 

I      next section of the report entitled "Variable Protection". 
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The statistics in TABLE VIII show that the current range criteria produce 

gross effectiveness above the OPNAVINST 4441. Ui goal of 65% for NAS Brunswick 

when used with 80-90% fixed protection.  These effectiveness statistics are 

overstated because of the conservative estimate of the item characteristic 

variance used for NAS Brunswick. The problem of estimating the variance of 

item characteristics for NAS Brunswick is discussed in Section D of the 

Approach Section.  An inventory with gross effectiveness closer to the 65% goal 

was produced by lowering protection to 50%.  This, in essence, eliminated the 

safety level and resulted in a gross effectiveness of 66%. The effectiveness 

is held at this level by the endurance delta which serves as a substitute 

safety level.  This means the self-support capability provided by the endurance 

delta is diminished and hence is not desirable.  Another way to lower gross 

effectiveness to the goal is to lower the range.  To reach 65%, the range must 

be reduced to an unrealistic level.  This is not a reasonable alternative to 

lowering safety level.  It was decided to keep the safety level for the 

remainder of the NAS Brunswick analysis.  An attempt was made to keep the range 

within a few hundred items of the benchmark.  While this means the cost of 

exactly satisfying the OPNAVINST 4441.12A is not shown for NAS Brunswick, the 

relative costs are probably more representative of what would result if RIM-AIR 

was implemented with any of the alternatives examined. 

Although the current range criteria appear adequate based upon the 

statistics presented in TABLE VIII, the impact of using predicted removals 

above a threshold was still examined for NAS Brunswick. The results are 

displayed in TABLE IX. First, the threshold that produced a RIM-AIR inventory 

with the same cost as the benchmark range criteria with 85% protection was 

found.  It turned out that a cost of $7.8M could be achieved if all items 

predicted to be removed at least once every four months were stocked. The 
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range of items stocked under this new criteria decreased by over 200 items but 

effectiveness remained the same. The fact that the same level of effectiveness 

was maintained with fewer items indicates that the removal threshold criteria 

is stocking items with a larger forecasted removal rate. The removal threshold 

was lowered until a range approximately equal to the benchmark range was 

produced. The threshold required was one removal every six months. The cost 

to maintain the same range as the benchmark was $1.2M. Half the additional 

cost was in the operating level which indicates the items stocked by the 

removal threshold are more expensive than those stocked by the benchmark.  This 

makes sense because the benchmark attrition thresholds are varied according to 

price. A lower threshold is applied to cheaper items.  In applying the removal 

threshold, the threshold was held constant for all items.  The additional 

investment produced by the removal threshold resulted in a one percentage point 

increase in gross effectiveness. 

2. Variable Protection. A comparison between fixed protection and the 

simple variable protection and optimization approaches was made using the 

current range criteria and the alternative range criteria discussed in the 

Approach Section. An analysis of the impact of variable protection under the 

different range criteria is presented in Appendix F.  The results of this 

analysis show that both variable protection approaches produce higher 

effectiveness for a given cost regardless of the range criteria. Surprisingly, 

the simple variable protection and optimization approaches produced the same 

level of effectiveness for a given cost when the range was not determined by 

the depth computation. This shows that the simple variable protection approach 

produces a good approximation of the optimal depth. When range was determined 

by the depth, the optimization generated higher gross effectiveness for a given 

cost. This was true for both activities. 

•; 
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4» 
The analysis  In Appendix F shows that the simple variable protection 

approach does not produce as  large a range as  the optimization approach when 

range is determined by depth.    The optimization model  selected a greater range 

of items  for both activities.    The different range criteria were analyzed in 

conjunction with the optimization in Appendix E.     The  results of this analysis 

for the USS CONSTELLATION show that quarterly removals  above a threshold and 

range determined by depth both produce inventories with the same predicted 

gross effectiveness  for a given cost when depth  is  computed with the same 

Lagrange Multiplier.     Both produced higher gross  effectiveness for a given cost 

than the current range criteria for the USS CONSTELLATION.    The same Lagrange 

Multiplier is used with each range rule so that  the depth computation is con- 

stant and only the  impact of the different range criteria is observed in the 

statistics. 

For NAS Brunswick,  the gross effectiveness  resulting from a range 

determined by depth was one percentage point higher than that produced by 

quarterly removals  above a threshold under conditions of equal cost and 

Lagrange Multiplier.    The current range criteria and quarterly removals  above  a 

threshold both produced the same gross effectiveness  for a given cost for NAS 

Brunswick. 

Although the quarterly removals above a threshold and range by depth 

criteria produce Inventories with almost the same gross effectiveness  for a 

given cost,  the specific  items stocked by each are different.    Appendix E shows 

that the total range generated by the range by depth criteria is over 1,000 

items  larger than that generated by quarterly removals above a threshold for 

the USS CONSTELLATION.    The range by depth rule stocked over 700 more items  for 

NAS Brunswick.    Which range criteria is better for use with the optimization? 

Quarterly removals above a threshold has an inherent disadvantage.    A threshold 



must be selected.  Under fixed protection, the threshold that produced 75% 

gross effectiveness when protection was set at 85% for the USS CONSTELLATION 

was found to be one removal every four years.  Different thresholds could also 

have been found for different levels of protection.  The cost associated with 

these different combinations of range and depth could have been used to 

differentiate between the combinations.  The combination that produced the 75% 

gross goal at least cost would have been best.  Similarly, different 

combinations of range and depth could be produced with the optimization. 

Again, the combination that produced the OPNAVINST 4441.12A goal at least cost 

would be best.  The threshold used with that combination would be the most 

desirable. 

The procedure outlined above for finding a threshold would be cumbersome to 

apply. Yet simply assigning some arbitrary threshold value means spending more 

than necessary to achieve the OPNAVINST 4441.12A goal.  Herein lies the 

advantage of the range by depth criteria.  When used in conjunction with the 

optimization, it automatically selects the right combination of range and 

depth. The inventory produced is optimal in terms of range and depth. 

Intuitively, an optimized range would seem more likely to vary across 

successive requirement recomputations.  Such churn in the items stocked from 

AVCAL to AVCAL is costly but could be minimized by the addition of a constraint 

on the optimized range as discussed in Appendix E. 

The impact of applying the optimization to produce an Inventory that meets 

the OPNAVINST 4441.12A supply effectiveness goals for the USS CONSTELLATION is 

shown in TABLE X. First, the cost is reduced $15. IM by optimizing depth while 

continuing to establish the range with the threshold of one removal every four 

years. Next, the cost is further reduced $3.3M by optimizing both range and 

depth. Overall, the optimization reduced the cost to achieve the OPNAVINST 
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4441.12A goals by 27%.  It should be noted that the net effectiveness of the c 
optimal inventory exceeds the 85% goal. No further cost reduction can be 

achieved by reducing net effectiveness. To do so would be to change the 

combination of range and depth selected by the optimization. An inventory with 

gross and net effectiveness exactly equal to the OPNAVINST 4441.12A goals would 

cost more.  It is cheaper to meet the gross goal while exceeding the net goal. 

( 

r 
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For NAS Brunswick, the optimization was used to reduce the cost of 

providing the effectiveness achieved with 85% fixed protection and quarterly 

removals above a threshold of one every four months shown in TABLE IX. The 

results, displayed in TABLE X, show that optimizing depth alone reduced the 

cost by $1.9M. Optimizing range and depth produced a further half a million 

dollar reduction. 

C.  CONSUMABLES ANALYSIS. 

1.  Fixed Protection.  TABLE XI shows the impact of adding various stock 

levels to the USS CONSTELLATION benchmark requirement until the RIM-AIR 

requirement is achieved.  The current range criteria were used to select items 

for stockage and the safety level was computed to yield 90% fixed protection as 

with the repairables analysis.  Statistics are also shown for RIM-AIR 

requirements computed with 85% and 80% protection.  The statistics shown are 

range and dollar value of the total requirement as well as various component 

levels and supply effectiveness.  Three supply effectiveness measures are 

shown. The first is based on peacetime flying hours, the second and third 

wartime flying hours.  The difference between the two wartime measures is that 

the first assumes there is no RDT, i.e., the time it takes to requisition 

material in war will be the peacetime order and ship time.  The second measure 

assumes an RDT of 30 days is added to the peacetime order and ship time in 

wartime. The effectiveness statistics displayed with each measure are 

expressed as a range of possible values. As discussed in Appendix D, 

consumable effectiveness computations must consider the time between when a 

demand occurs and when a replacement is requisitioned. Repairables are 

requisitioned on a one for one basis and it is assumed that a requisition is 

placed immediately upon demand to either replace an issued unit or fill an 

outstanding requirement. Consumables, on the other hand, are requisitioned in 
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order quantities greater than one.  If a demand is satisfied from on-hand 

stock, a requisition to replace it will not be submitted immediately. Only when 

the number of units Issued is at least as large as the order quantity will a 

requisition to replace all the issued units be submitted. The time spent 

waiting to place a requisition generates a kind of prerequisition pipelii.e. 

This prerequisition pipeline is added to the requisition pipeline and the 

resulting total pipeline is used to compute fill rates.  The fill rates are 

computed in a conservative manner so that the resulting effectiveness 

represents a lower bound.  An upper bound on effectiveness is developed by 

assuming there is no such waiting time, i.e., consumables are requisitioned one 

for one.  The true effectiveness lies somewhere in-between. 

f 
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The maximum effectiveness that can be achieved with the universe of ARR 

candidates is shown at the botto-ii of TABLE XI.  These maximum values were 

determined by assuming that all demands fo^ ARR candidates are satisfied.  This 

means all ARR candidates WOLId have to be stocked with sufficient depth to 

satisfy all candidate demands. 

In order to show the transition from the benchmark to RIM-AIR, it was 

necessary to translate the benchmark quantities into the levels of stock 

utilized in RIM-AIR.  The 90 day attrition quantity was segmented into OST and 

RDT levels.  The OST levels were based on the order and ship time data observed 

at the activities as discussed in the Approach.  The RD1 was set equal to 30 

days, the same period used in the second wartime effectiveness measure.  If 

there was attrition stock left over after building OST and RDT levels for an 

item, it was considered safety level.  If the 90 day attrition quantity was 

insufficient to fill the OST and RDT levels, it was first allocated to OST, 

then to RDT until it was exhausted. 

The greatest payoff in effectiveness resulted from the addition of the 

operating level.  Fully protecting the basic OST and RDT levels, which receive 

little protection frora the benchmark quantities, and adding the endurance delta 

increased effectiveness to a lesser degree.  A detailed analysis of the 

individual levels is presented below. 

The first step in the transition was to fully protect the GST an^ XDT 

levels to 90%.  As shown in TABLE XI, the basic OST and RDT levels are filled 

by the benchmark quantities but there is little left over for safety level. 

The impact of the safety level deficiency is seen to be two to four percentage 

points gross wartime effectiveness in the maximum case depending on whether the 

RDT is considered.  The cost to provide a 90% safety level is $1.5M. 

3 
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The next step in the transition was to add the operating level (OL) and 

endurance delta level (End A).  These levels are shown being added individually 

to the protected wartime pipeline quantities. The endurance delta level was 

computed assuming a 90 day wartime endurance puriod. The endurance delta level 

is protected to 90% and the cost of the protected endurance delta displayed in 

TABLE XI includes the resulting safety level. The operating level adds $2.8M 

to cost of the protected wartime pipeline, the endurance delta $2.0M.  The 

addition of the operating level results in higher effectiveness across the 

board.  The minimum effectiveness associated with adding the operating level is 

at least as great as the maximum effectiveness associated with adding the 

endurance delta level. The minimum effectiveness statistic is particularly 

sensitive to the operating level.  Adding the operating level increases the 

minimum gross effectiveness 25 percentage points with each measure.  This 

sensitivity is due to the fact that the prerequisition pipeline considered in 

the minimum effectiveness is supported by the operating level.  If an operating 

level is not included as part of the stock quantity the unsupported 

prerequisition pipeline degrades effectiveness. 

The transition to RIM-AIR is completed by adding both the operating level 

and the protected endurance delta to the protected GST and RDT levels.  The 

total RIM-AIR requirement costs $4.8M more than the protected pipeline.  This 

is $2.0M (the cost of the endurance delta) more than the cost of adding the 

operating level alone. The added cost increases gross wartime effectiveness 

about two percentage points. 

The peacetime and wartime gross effectiveness predicted for the total 

RIM-AIR requirement are far below the OPNAVINST 4441.12A goal of 75%.  This 

shortfall is due to the large number of demands for noncandidate items.  The 

maximum gross effectiveness achievable with the ARR candidate data is 34%. 
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Thus, no range criteria can stock enough items to meet the OPNAVINST 4441.12A 

goal.  An analysis of the alternative range criteria discussed in the Approach 

Section is presented in Appendix E.  For consumables, there is no difference 

between the current criteria and quarterly removals above a threshold.  Both 

stock items based on predicted attrition demand above a threshold.  The range 

criteria analyzed in Appendix E, therefore, consisted of the current criteria 

and the range by depth criteria. The Accommodation Index was also examined as a 

mechanism for establishing an attrition threshold. 

The analysis shows that with 85% fixed protection, the range by depth 

criteria stocks more items foi a given cost.  Intuitively, the greater range 

should produce higher gross effectiveness.  However, because the gross 

effectiveness of both alternatives was near the maximum possible with the ARR 

candidates, no difference in effectiveness was observed.  Which range criteria 

then is best for consumables? The range determined by depth criteria is easier 

to apply.  The range is automatically determined by the depth computation. 

However, as discussed in Appendix E, range by depth is driven by the operating 

level for low cost items and tends to stock nearly all low cost items with 

predicted peacetime demand greater than zero.  The current criteria has the 

ability to differentiate between low cost items and is therefore preferable. 

The only requirement for using the current criteria is that a demand threshold 

be established.  Until the consumable candidate data is improved, the 

establishment of a threshold will be a subjective decision process that 

considers the magnitude of the range associated with various threshold values. 

2.  Variable Protection.  A comparison between fixed protection and the 

simple variable protection and optimization approaches was made using the 

current and range by depth criteria.  The impact of the variable protection 

approaches is analyzed in Appendix F.  This analysis fails to show any benefit 
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to the variable protection approaches for consumables. How is this possible? 

The large number of demands for noncandidates and high variance to mean ratio 

used to describe the accuracy of the candidate item characteristics negated the 

benefits of varying protection. 

If the variable protection approaches are no more cost effective than fixed 

protection, the simplicity of the fixed protection approach makes it more 

desirable.  Should the consumable data improve, the variable protec. on 

approaches should prove beneficial.  Variable protection will become necessary 

when item essentiality coding is developed so that items deemed essential to 

the mission of a weapons system will be afforded greater protection. 

IV.  SUMMARY 

A.  BACKGROUND:  RIM-AIR was proposed by COMNAVSUPSYSCOM to eliminate the 

dichotomy in policy established by OPNAVINST 4441.12A. This i-^truction 

provides material availability goals that cannot be achieved with the stockage 

criteria set forth in the same instruction.  RIM-AIR was designed to comply 

with DODIs 4140.45, 4140.46, and 4140.47. RIM-AIR provides material to cover 

the repair and requisition pipelines that form in support of aircraft 

operations. 

The RIM-AIR requirement consists of an operating level, repair cycle level, 

order and ship time level, resupply delay time level, endurance delta level and 

safety level.  All but the endurance delta level are authorized by the DOD 

instructions listed above. The endurance delta level was included to assuie a 

self-supporting capability for a prescribed period of time.  The requirement 

for such a self-support capability is established in OPNAVINST 4441.12A. 
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Requirements for the initial outfitting of a weapon system are determined 

during the provisioning process. To be implemented in provisioning, RIM-AIR 

must be capable of complying with DODI 4140.42. RIM-AIR can easily be adapted 

to comply with this instruction by eliminating the safety level.  The RIM-AIR 

model has been proposed for use in the UICP AVCAL system. 

Only two distinctions need to be made in order to apply RIM-AIR to 

consumables.  First, the operating level may be greater than one for 

consumables. Secondly, consumables do not require a repair cycle level.  There 

is a need for a consumable requirement computation for ships/MAGs.  Consumable 

retail requirements for Naval Air Stations are computed under Variable 

Operating and Safety Level (VOSL) procedures. 

B.  APPROACH.  RIM-AIR as developed by COMNAVSUPSYSCOM is a depth model.  The 

purpose of this study is to evaluate the cost/effectiveness of alternative 

range and safety level criteria. The evaluation criteria used is the 

percentage of demands for material that can be satisfied immediately from 

on-hand stock; i.e., supply effectiveness. The analytical model used predicts 

supply effectiveness based on the demand characteristics of the candidate 

items. The Impact of data Integrity on supply effectiveness was consiucred. 

The completeness of the candidate file and the accuracy of the candidate item 

characteristics used in the computations were considered in predicting 

effectiveness.  The method used to estimate the accuracy of item 

characteristics was such that the predicted effectiveness is probably 

overstated.  However, relative comparisons are still valid. 

The data base for this study consisted of all items applicable to the 

aircraft in the deckload of the USS CONSTELLATION and assigned to NAS 

Brunswick.  The item data were extracted from the ARRs used to construct the 

AVCALs that were produced for those activities in late 1980 and early 1981, 
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c respectively. The Items were segregated into two main categories:  consumables 

and repairables.  The Item characteristics needed for RIM-AIR were screened to 

eliminate Items that were suspected of containing erroneous data that would 

distort the results of the study.  Order and ship time data for the USS 

CONSTELLATION were extracted from the RRTMIS/PARTS report. Order and ship time 

data fo- NAS Brunswick came from the UADPS Level II Leadtlme Process. 

Benchmark requirements were computed from the candidate item data using the 

stockage criteria currently applied by ASO. These benchmark requirements 

roughly equate to the gross AVCAL computed by ASO from raw ARR data.  The range 

and dollar value of the benchmark and ASO final AVCAL were compared.  The range 

and dollar value of the ASO final AVCAL exceeded the benchmark by a magnitude 

greater than would be expected between the final and gross AVCALs.  ASO 

concluded that the item characteristics used to compute the benchmark were 

deflated compared to those used to compute the actual AVCAL requirements. Thus, 

the requirements computed in this study using the ARR data base are understated 

and the range and dollar value statistics based on these requirements cannot be 

interpreted as absolute results.  The range and dollar value of any of the 

alternatives examined would increase over the study values if the alternative 

were Implemented.  As with the effectiveness, however, relative comparisons 

between alternatives are still valid. 

The alternative safety level criteria examined in this study consisted of 

fixed protection, simple variable protection and an optimization procedure. 

Fixed protection means assigning the same level of protection to each item. 

Variable protection Involved computing protection for an item as a function of 

unit price, predicted removals, and a control parameter. The optimization 

procedure produces a mix of item requirements that maximize effectiveness for a 

given cost target or, conversely, minimize cost for a given effectiveness 
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target.  Protection is varied implicitly and depends on the relative 

cost/effectiveness of the candidate items. 

The alternative range criteria examined in this study consisted of the 

current criteria, range determined by the depth computation and quarterly 

removals above a threshold.  Currently, separate range criteria are used to 

determine whether an Item will be stocked for attrition or local repair cycle 

asset support.  The sum of attrition and local repair asset quantities 

determines the  total requirement.  As applied in the study, range datermined by 

depth stocked an item when the total requirement was one or more. Quarterly 

removals combined attrition and repair demands and compares the total to a 

threshold to determine stockage. 

C.  REPAIRABLES ANALYSIS.  The benchmark requirements almost completely filled 

the repair, order and ship time and resupply delay time levels for both study 

activities.  However, there was little left over for a safety level. The cost 

to provide a full 90%  safety level was $13.5M for the USS CONSTELLATION and 

$1.3M for NAS Brunswick.  The impact of the safety level deficiency was between 

8 and 14 percentage points gross wartime effectiveness depending on whether the 

resupply delay time is considered for the USS CONSTELLATION and 20 percentage 

points gross peacetime effectiveness for NAS Brunswick.  The 2R/8R OST level 

initiative increased the USS CONSTELLATION gross wartime effectiveness three to 

five percentage points and cost $2.9M. 

Fully protecting the basic pipeline levels provided the greatest Increase 

in effectiveness.  Further addition of the operating and endurance delta levels 

also increased effectiveness but the cost per percentage point increase went 

up. The total RIM-AIR requirement provided 66-72%  gross and 89-97% net wartime 

effectiveness for the USS CONSTELLATION depending on the amount of protection 

(80 to 90%)  and whether the resupply delay time was considered. The cost 
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increased by $27.3M to $35.6M over the benchmark.  For NAS Brunswick RIM-AIR 

provided 70-71% gross and 97-99% net peacetime effectiveness depending on the 

protection.  The NAS Brunswick cost increased by $4.2M to $5.5M over the 

benchmark. 

The wartime gross effectiveness of the RIM-AIR requirement for the USS 

CONSTELLATION with the current range criteria and 80 to 90% fixed protection 

was below the OPNAVINST 4441.12A objective of 75%.  Quarterly removals above a 

threshold was found to be the best range criteria with a fixed protection 

safety level. The cost to meet the OPNAVINST 4441.12A objective with this range 

rule and 85% fixed protection was $45.7M above the benchmark. This cost was 

reduced by applying variable protection for computing safety level.  The 

optimization was found to be superior to the simple variable protection. 

Optimizing the depth with the same quarterly removal range criteria lowered the 

cost of meeting the objective by $15.IM.  Optimizing range and depth further 

reduced the cost by $3.3M.  This represents a 27% reduction. 

The peacetime gross and net effectiveness of the RIM-AIR requirement for 

NAS Brunswick were above the OPNAVINST 4441.12A objective of 65% and 85%, 

respectively, with the current range criteria and 80 to 90% fixed protection. 

The only way to lower the effectiveness to the goal was to eliminate the safety 

level or restrict the range, both of which were deemed undesirable. With the 

current range criteria and 85% fixed protection, a gross peacetime 

effectiveness of 71% cost $4.7M more than the benchmark. This same level of 

cost and effectiveness resulted when the quarterly removal range rule was used 

with 85% fixed protection.  Optimizing depth with the quarterly removal range 

lowered the cost by $1.9M.  Optimizing range and depth further reduced the cost 

by $.5M.  This represents a 31% overall cost reduction. 
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D.  CONSUMABLES ANALYSIS.  The benchmark quantities filled the order and ship 

time and resupply delay time levels but, as with the repairables, there was 

little left over for a safety level. The cost to provide a full 90 percent 

safety level for the USS CONSTELLATION was $1.5M.  The impact of the safety 

level deficiency was up to four percentage points gross wartime effectiveness 

depending on whether the resupply delay time was considered and the assumption 

made regarding the ordering policy. Assumptions that minimized and maximized 

the effectiveness were made.  Adding an operating level cost $2.8M and 

increased gross wartime effectiveness 13-25 percentage points.  Further 

addition of the endurance delta level completed the total RIM-AIR requirement 

$2.CM.  Gross wartime effectiveness increased up to two percentage points as a 

result of this final level. 

The total RIM-AIR requirement provided 28-323; gross and 85-97% net wartime 

effectiveness for the USS CONSTELLATION.  This gross effectiveness is far below 

the OPNAVINST 4441.12A goal of 75 percent.  This shortfall is due to the large 

number of demands for noncandidate items.  The maximum gross effectiveness 

achievable with the ARR candidate data was 34%.  Thus, no range criteria could 

stock enough items to meet the goal. The range by depth criteria was found to 

stock the most items for a given cost with fixed protection.  However, range by 

depth tends to stock all low cost items with predicted demand greater than 

zero.  The current range criteria is preferable because it has the ability to 

distinguish between low cost items based on an established demand threshold. 

A comparison between fixed protection and variab'e protection failed to 

show any benefit to the variable protection approaches for consumables.  The 

large number of demands for noncandidates and high variability of the candidate 

item characteristics negated the benefits of varying protection. Because fixed 

protection is simpler and performs as well, it Is more desirable. Variable 
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protection will become necessary in the future, however, when item essentiality 

coding Is developed. 

V.  RECOMMENDATIONS 

A. RANGE AND SAFETY LEVEL CRITERIA. 

1. Repalrables - It is recommended that the optimization be used to 

determine both range and safety level. That is, the optimization should be 

used in conjunction with the range by depth criteria. 

2. Consumables - It is recommended that fixed protection be used to 

determine safety level until the completeness and accuracy of the consumable 

data is improved.  It is recommended that range be determined using the current 

criteria (although not necessarily the current threshold parameter). 

B. IMPLEMENTATION.  It is recommended that the RIM-AIR model with the range 

and safety level criteria recommended above be implemented in both the AVCAL 

development and provisioning processes at ASO.  Implementation of RIM-AIR will 

Impact on cost and ASO workload as discussed below. 

1. Cost Impact.  The cost to implement RIM-AIR for repalrables, while 

satisfying the OPNAVINST 4441.12A effectiveness goals, is $27.3M more than the 

benchmark for the USS CONSTELLATION and $2.3M more for NAS Brunswick.  The ASO 

order and ship time initiative for 2R/8R cog items accounts for $2.9M of the 

USS CONSTELLATION Increment.  The cost of implementation can be reduced for 

both activities by applying constrained order and ship times. The Impact of 

using the constrained order and ship times used by ASO in their 2R/8R cog 

initiative; i.e., 12 days for CLAMP and 30 days for non-CLAMP items, is shown 

In TABLE XII.  The costs in TABLE XII are stratified into POS, WRMR and 

endurance delta dollars. As shown, constraining the order and ship times 
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reduces the cost increments to $15.5M for the USS CONSTELLATION (In addition to 

the $2.9M for the 2R/8R initiative) and $1.1M for NAS Brunswick,  These cost 

increments are minimums because the ARR data used in this study understated cost 

TABLE XII 
Cost of Optimized RIM-AIR for Repairables 

Total POS WRMR END A 
USS CONSTELLATION Range $ Value $ Value $ Value $ Value 

Unconstrained OST 6.428 49.5M 29.6M 11.9M 8.0M 
Constrained OST 6,462 40.6M 20.4M 9.6M 10.6M 

NAS Brunswick 

Unconstrained OST 1.819 5.4M 4.2M N/A 1.2M 
Constrained OST 1.797 4.2M 3.0M N/A 1.2M 

Because of the large number of demands for noncandidate items, it was not 

possible to quantify the cost to meet the OPNAVINST 4441.12A effectiveness 

goals for consumables. The cost impact for consuambles will depend on the 

protection level and demand threshold used. 

It is realized that funding for the cost increments discussed above will be 

spread out over a period of time if RIM-AIR is implemented.  RIM-AIR can 

accommodate a phased in approach.  Repairables can be optimized to a series of 

increasing cost targets.  Support for consumables can be increased by adding an 

order and ship time level and incrementally increasing protection. 

2.  Impact on ASO Workload.  The optimization requires user intervention to 

establish a Lagrange Multiplier.  While ASO has experience with the concepts of 

an optimziation in provisioning, these concepts will be new to the AVCAL 

development process.  Training of ASO personnel In the procedures required to 

find the proper Lagrange Multiplier will therefore be necessary. 

The optimization will be used to compute a gross AVCAL.  This gross AVCAL 

will be subject to a quality review during which the characteristics of some 
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Items may be changed.  Mev requlrpmrrts must be r.or.purpd for these iteiss. If 

the number of items leqi'Jrlnp I recomputation ir  FWPTI ,  r.ev requirements can be 

computed manually vith tbe Lagrangc Nttltipllor nfed to produce the proPF AVCAL. 

This will dietort the rptimization soirevhrt, but not to a significant extent. 

If e  .Iprge number of itenf reqtilre recomputntfor, the distortioTi introduced by 

Applyirg the grrFF AVCAL Lagrflrge Multiplier will be m pf reptphle.  Tliis meenR 

T c qul reinen tf. ruft be reoptimi^ed.  A renpt inäzftt irn of the entire inventory ney 

be urdrr.irablc.  PrqulrerertF. for items ret »ffertcd by the review vrnld 

change.  A constraint ran be added to the eptlRiMtion that the ixquirementp 

icr ttid itcirr reitntn uncharged.  The iptlricatifiTi wctild only art on the subset 

of the invertory ffftcted by the review.  / rev» Lagrangr Multiplier would be 

frurd thr.t genervter new reruirements lor the affected items which when coupled 

with the constrnirt requirrreuts meet tie copf/effectivenesf. target. 

The IIICP AVCAL sy&tcr urder develcpp;ent at FMFf! will u«t a Weapons S>Fter 

File (WSF) top-down hreahdewn to extract cardidrtee.  This will improve the 

cardidate data.  V'ith an expanded candidate file, it  ,chould be pcfsible to 

improve the prodiftctl gross cor.FumaMe effectivenesr .  It should also be 

possible tr identify the demand thre5ho.1d that, when used vith the current 

range criteric:, producer prorr effect ivenesr. that meets the CFNAVINST ii^I.lTA 

gcal giver f   certain level . f net effectiveness.  Lrtil the improved candidate 

data is available, however, the estahlirhment of a demand threshold for 

ccnsumablef will be a eihjective matter. 
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5. FMSO Itr 9321-E65/E66/FCS/225 5250 of 10 Aug 1982 

6. FMSO Itr 9321-E65/FCS/38 5250 of 18 Feb 1981 
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APPENDIX B - DATA SCREENING 

The screening process was to eliminate Items that had potentially erroneous 

data entries which could distort the results of the study.  ASO provided 

criteria for screening candidate data based on the extended dollar value of the 

quarterly removal forecast.  Quarterly removals are forecast by multiplying the 

sum of the RPF and MRF by the installed population and projected flying hours 

for each item. A wartime flying hour program was used in the screening for 

both activities. When the extended dollar value of the quarterly removal 

forecast for a USS CONSTELLATION repairable candidate exceeded $175,000, the 

item was deleted. A $250,000 cutoff figure was used for NAS Brunswick 

repairables. USS CONSTELLATION consumables were deleted when the extended 

dollar value of quarterly removals exceeded $35,000.  Tbese cutoffs are based 

on the subjective judgement of ASO personnel. 

In addition to the ASO screening criteria, a maximum total pipeline 

quantity was computed for each item. This screening was used to eliminate any 

items that would require calculations that were beyond the capacity of the 

hardware used to conduct the study. The maximum total pipeline for the USS 

CONSTELLATION is the sum of a wartime repair cycle level, wartime OST level and 

90 day RDT level.  For NAS Brunswick, a peacetime repair cycle level, OST level 

and an endurance delta computed to support a 90 day endurance period at 

peacetime flying hours were summed to get the maximum total pipeline. When the 

maximum total pipeline quantity for any item exceeded 175, ihe item was 

deleted.  Two 9 cog consumables were also deleted because their wartime flying 

hour program was less than their peacetime flying hour program.  A breakdown by 

cog of what items were deleted under what criteria is provided in TABLE B-I. 
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TABLE B-I 

Deletion Criteria 

Total Candidates deleted 
Excessive removal $ 
Excessive pipeline 
War less than Peace 

Repairable Candidates deleted 
Excessive removal $ 
Excessive pipeline 

2R deleted 
Excessive removal $ 
Excessi-'e pipeline 

1R deleted 
Excessive removal $ 
Excessive pipeline 

Consumable Candidates 
Excessive removal $ 
Excessive pipeline 
War less than Peace 

1R deleted 
Excessive removal $ 
Excessive pipeline 

9 cog deleted 
Excessive removal $ 
Excessive pipeline 
War less than peace 

The repairable deletion accounted for 31% of the total wartime quarterly 

removals for all extracted USS CONSTELLATION repairable candidates. The 

majority of repairable deletions were the result of an excessive extended 

dollar value of the quarterly removal forecast.  Forty-one of the USS 

CONSTELLATION repairables dropped for this reason were stocked on the ASO AVCAL 

for a total dollar value of $6.1M.  All of the USS CONSTELLATION repairables 

dropped because the maximum total pipeline was excessive were stocked for a 

total dollar value of $10.4K. Eleven of these items were 9 cog repairables. 

USS 
CONSTELLATION 

NAS 
BRUNSWICK 

454 
55 

397 
2 

31 
27 
4 
o 

61 
49 
12 

31 
27 
4 

50 
49 

1 

26 
26 
o 

I 
0 

1 
1 
o 

393 
6 

385 
2 

N/A 

34 
5 

29 

N/A 

348 
1 

355 
2 

N/A 

J 
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While the existance of a 9 cog repairable is not impossible, these items 

probably result from an incorrect SM&R code.  Although having a low dollar 

value on the ASO AVCAL, these items accounted for 23%  of the total wartime 

quarterly removals forecast for all extracted USS CONSTELLATION repairable 

candidates. 

The repairables deleted for NAS Brunswick accounted for 36% of the 

peacetime quarterly removals for all NAS Brunswick repairable candidates. 

Eighteen of the NAS Brunswick repairables that were deleted because of an 

excess extended forecast were stocked on the ASO AVCAL.  The total dollar value 

of the ASO AVCAL requirements was $983K.  None of the NAS Brunswick repairables 

dropped because of an excessive pipeline were stocked on the ASO AVCAL. These 

items were all 9 cog repairables and accounted for 11% of the total peacetime 

quarterly removals for all NAS Brunswick repairable candidates. 

The consumable deletions accounted for 68% of the total wartime quarterly 

removals for all USS CONSTELLATION consumable candidates.  The majority of 

consumable deletions were the result of an excessive pipeline.  The excessive 

pipeline deletions accounted for 67% of the removals forecast for all 

consumables.  The majority of the excessive pipeline deletions were for 9 cog 

items.  The 9 cog excessive pipeline deletions accounted for 63% of the 

removals for all consumables. 

Most of the deleted consumable removals were concentrated in an small 

'        number of items.  All but one of this small subset were deleted because of an 

excessive pipeline. There were 36 items with quarterly demand forecasts in 

excess of 1,000 units deleted because of an excessive pipeline.  These 36 items 

accounted for 38% of the total consumable quarterly removals.  A total of 377 

of the excessive pipeline deletions were stocked on the ASO AVCAL for a total 

dollar value of $60K. 
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Only six consumables were deleted because of an excessive extended dollar 

value of quarterly removals.  Five of these items were stocked on the ASO AVCAL 

for a total dollar value of $1A3K.  These items accounted for only about 1% of 

the total removals forecast for all consumables.  Most of these removals were 

for one item with a quarterly removal forecast in excess of 2,000 units.  Both 

items deleted because the wartime flying hour program was less than the 

peacetime flying hour program were stocked on the ASO AVCAL but with a total 

dollar value of only §623. The forecasted quarterly removals for these two 

items were almost zero. 

3 

3 
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c APPENDIX C - SAFETY LEVEL BREAKDOWN 

The safety level determination and breakdown described below is graphically 

illustrated in Figure C-l. The total safety level may be subdivided into a 

peacetime safety level, wartime safety level and endurance delta safety level 

as follows: 

1. Compute peacetime safety level.  The smallest integer is found that 

provides the required protection (either fixed protection level or protection 

level computed by variable protection techniques) on the peacetime repair cycle 

and OST levels. The peacetime safety level is computed by subtracting the 

peacetime repair cycle and OST levels from this integer. 

2. Constrain the peacetime safety level.  If the peacetime safety level 

exceeds the total safety level then no additional safety stock is required to 

support the wartime flying hour program and endurance delta.  In this case, the 

peacetime safety level is constrained to total safety level and the wartime and 

endurance delta safety levels are zero.  Otherwise, the total safety level 

includes additional safety stock to support the wartime flying hours and 

possibly the endurance delta.  These additional increments in safety level 

stock are computed below. 

3. Compute the gross wartime safety level.  If the peacetime safety level 

is less than the total safety level, the smallest integer is found that 

provides the required protection on the wartime repair cycle, OST and RDT 

levels. The gross wartime safety level is computed by subtracting the same 

wartime levels from this integer. 

4. Compute the net wartime safety level.  If the gross wartime safety 

level exceeds the peacetime safety level, the net wartime safety level is 

computed as the difference. Otherwise, the net wartime safety level is zero. 
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5. Constrain the net wartime safety level.  If the net wartime safety 

level is greater than the total safety level minus the peacetime safety level 

it is constrained to this difference.  In this case, the endurance delta safety 

level is zero. 

6. Compute the endurance delta safety level.  If the net wartime safety 

level is less than the total safety level minus the peacetime safety level, the 

difference is the endurance delta safety level.  That is, the endurance delta 

safety level is the total safety level minus the sum of the peacetime and net 

wartime safety levels when this difference is positive. 
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I  
Figure C-l - Safety Level Breakdown Logic Flow 
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APPENDIX D - MATHEMATICAL BACKGROUND 

It    Steady  State  Supply Effectiveness.    Figure  I depicts the movement  of an  Item 

through the  repair and requisitioning processes at an activity. 

Item falls 
generating 
non-RFI unit 

Non-RFI unit 

undergoes 

repair 

RFI unit 
returned  to 
stock or used 
to fill hole 

Replacement 
for non-RFI 
unit 
requisitioned 

Figure  I - Flow Through Activity Repair/Requisitioning Processes 

As units  fall,   repairable items are Inducted Into the repair process where 

they are repaired  at an average rate defined by the Rotatable Pool Factor  (RPF) 

or found to be Beyond Capability to Maintain  (BCM)  at  a rate defined by the 

Maintenance Replacement Factor  (MRF).     The average  time an Item spends  In the 

repair process Is defined by the Turnaround Time   (TAT).    BCM actions are assumed 

to be Instantaneous so  the TAT for BCMed units  Is zero.    BCMed units enter  the 

requisition process  as do failed consumable units.     The time spent  in the 

requisition process consists of the  time spent waiting to submit a requisition 

and the  time it takes  to receive an RFI replacement once the requisition is 

submitted.     The time spent waiting to place a requisition for a repairable  is 

assumed  to be zero because repairables are  requisitioned on a one-for-one basis. 
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Cunsutnables on the other hand, are requisitioned in quantities greater than one. 

The time spent waiting to place a requisition for a consumable is therefore a 

function of the operating level.  This waiting time represents a kind of pre- 

requisition period.  It was assumed this waiting time, on the average, equaled 

one half the operating level minus one expressed as days of demand. The 

average time between submission of a requisition and receipt of material is 

defined by the Order and Ship Time (OST). 

Initially assume no stock is carried. The repair and requisitioned processes 

can be modeled mathematically as stochastic queuing processes in which non-RFI 

units arrive, wait for a RFI replacement then leave.  The average number of items in 

a queuing process is given by the following relationship: 

. 

L = X * W 

where 

L ■ average number of  units  in process 

X = average arrival rate 

W ■ average waiting  time in process 

The number of non-RFI units  in the repair process  is called  the repair pipe- 

line.     The number  of requirements for a RFI replacement  in the requisition process 

is the requisition pipeline.    Given the above relationship,   the average number of 

non-RFI units in the repair and requisition pipelines may be  expressed as  follows: 

LT 
=  LREP + LREQ 

■ ^REP * WREP + XRUQ * WREQ 

„ RPF * MC90 
90 

MRF * MC 

* TAT + 

90 
HO  (OL - 1) * 90 

2 * MRF * MCgo   U&1 

RPF * MC90 

90 * TAT 
. (OL - 1) . ***  ' MC90 , os. 

» 

3 
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where 

If - total non-RFI units waiting for replacement 

LREP ■ non-RFI units in the repair process 

LREQ ■ non-RFI units in the requisition process 

^REP " arrival rate for repair process 

^REQ " arrival rate for requisition process 

WREP " waiting time for repair process 

WREQ " waiting time for requisition process 

MC90 ■ maintenance cycle program for 90 days 

0L ■ operating level 

The (0L - 1)11  term in LT is a kind of prerequisition pipeline for con- 

sumables. This prerequisition pipeline varies between zero and 0L - 1 assuming 

an order is placed as soon as the reorder point is reached. The repair and 

requisition (excluding the prerequisition) pipelines are not bounded in this 

manner. The actual number of units in the repair and requisition pipelines 

at some point in time is a random variable.  The following assumptions are made 

in order to postulate a probability density function for this random variable: 

. The arrival process is Poisson. 

, The waiting times have an arbitrary distribution independent of the 

arrival process (this means that the service provided by the process 

begins as soon as an arrival occurs and the time to provide the service 

is independent of the arrival process). 

. The average arrival rates and average waiting times are constant over time. 

. Arrivals are always single units. 

. Every arrival enters either the repair or requisition process and com- 

pletes service before departing. 
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Given these assumptions,   the Palm Theorem1  stau-is that  the number of units   (n) 

in the repair and requisition pipelines will be Poisson distributed with mean 

Lf for repairables.     That  is: 

-LT *    " 
P(n)  = C       Jlig 

n! 

Here  the prerequisition pipeline vanishes because  the  operating  level  is  one. 

When  the prerequisition pipeline is  included  in the mean of  the Poisson dis- 

tribution for consumables,   it  is  assumed implicitly  that   the prerequisition is 

unbounded which is not true.     This means the probability  that  the  total pipeline 

(prerequisition and  requisition)   is  less  than the  operating level  is understated. 

The probability that  the total pipeline is very  large is overstated because  it 

considers large prerequisition pipelines feasible.     Thus,   the probability that 

exactly n consumable units are in the  total pipeline can only be approximated 

by the above Poisson probability. 

If a stock quantity is positioned at an activity for  the purpose of immed- 

iately providing a RFI replacement  for a non-RFI arrival,   the non-RFI units in 

the repair and requisition pipelines consist of units being repaired/requisitioned 

to replace RFI units  formerly issued  from stock and  to satisfy outstanding  require- 

ments for material.     When  the number of non-RFI units in  the repair and requi- 

sition pipelines is  less  than or equal to the stock quantity,   all the non-RFI units 

are  to replace RFI units  formerly  issued from stock.     There are no backorders 

being repaired or requisitioned  to  fill a hole.     The probability that  there are 

no backorders is called protection and is computed as follows: 

w 
Protection -      I    P(n) 

n=0 

where 

S = stock quantity 

s 

I 
teller, W.,  "An Introduction to Probability Theory and Its Applications", 
Vol.  I, Wiley, New York,   3rd Edition,  1968, pp 460-461 
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When the number of units in the repair or requisition processes is strictly 

less than the stock quantity,   there is at  least one RFI unit available in stock 

to satisfy a demand should one occur.    Sime demands are assumed to always be for 

one unit,  only one unit needs to be in stock when a demand occurs in order to 

satisfy that demand.     The probability of satisfying a demand is called a Fill 

Rate  (FR) and is computed as  follows: 

S-l 
FR    -    E    P(n) 

n*o 

Both protection and the Fill Rate computed in this manner will be understated 

for consumables because of the way P(n)  is approximated.     The minimum Fill Rate 

obtained in this way was used to develop the minimum effectiveness statistics for 

consumables.    Maximum effectiveness was derived by eliminating the prerequisition 

pipeline from Lx and recomputing P(n)  and the Fill Rate.     A Fill Rate computed 

in this manner produces effectiveness statistics representing consumables as 

though they were requisitioned on a one-for-one basis like the repairables. 

The expected number of satisfied demands is found by multiplying the Fill 

Rate by the expected  number of demands.    The expected demands  (D) for a 90 day 

period is computed as  follows: 

D    =  (MRF + RPF)   * MC9o 

Thus,  the expected gross supply effectiveness, which is the percentage of demands 

satisfied  immediately from stock,  can be computed as follows: 

Expected Supply Effectiveness = 

m 
t    FRi * ü± 

i-1  
I 
t   ft 

I» 
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where 

m = number of stocked  items 

N = number of Installed  Items 

i ■  index of  stocked  items 

j  =  index of  installed  items 

Expected  net  supply effectiveness   is  obtained by summing expected demand  over 

stocked   Items  in the denominator. 

2.     Optimization.    The objective  of  the optimization is  to find an  inventory 

that gives the maximum possible effectiveness for a  given cost.     Conversely, 

the  cost  to produce a given  level of effectiveness  is minimized.     The effective- 

ness measure used  is  the expected  gross  supply effectiveness  derived   in the 

preceding section of this Appendix.     Expected gross supply effectiveness  is 

computed  by dividing the  sum of  expected  units  satisfied across  all  stocked  items 

by the  sum of expected  units demanded  over all installed  items.     Expected 

units demanded for installed  items remain constant.     The optimization maximizes 

expected  units satisfied which maximizes  expected supply effectiveness.    The 

nroblem mav be stated as  follows: 

) 

m 
Maximize        I    E.   * Dj  * FR^ 

1=1 

m 
subject to      Z    Cj  * Sj = a 

1=1 

where 

1 ■ Item index 

E,  =  Item essentiality code placeholder 

D^ = Expected demand   (as  computed  In the previous  section  of  this  Appendix) 

J 
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F^ » Fill Rate 

C. - Unit price 

S. ■ Stock quantity 

a - Cost target 

A technique for solving this problem is to use the method of Lagrange 

multipliers.    The technique involves constructing an unconstrained problem from 

the original problem which involves a constraint.    This  is done by formulating 

the Lagrangean function which  in this case is: 

L(X,S) -   i   K, * ^ * nu -X *| Z   Ci * Si) " Ci 

The first term in the Lagrangean function is  the objective function being 

maximized.    The second term consists of the constraint function,  cost target and 

a new variable known as a Lagrange multiplier  (X)  and  is referred to here as the 

constraint line.    The Lagrangean function and the  two terms are represented 

graphically in Figure D-I for the  i^ item.    The stock quantity  (S.)  is portrayed 

as a nondiscrete variable  in Figure D-I.     It is expeditious to treat the stock 

quantity as a nondiscrete number when applying the Lagrange multiplier 

technique.     Stock quantities,  of course,  are always  integers.     An iterative 

algorithm for producing integer  stock quantities  can be derived  from the technique. 

The Lagrangean function may be optimized by taking the partial derivatives 

with respect to each S.  and X and setting them equal to zero.     Before this  is 

done,  it is necessary to redefine the Fill Rate  in continuous  terms as follows: 

S-l 
Fill Rate -    /    f(x) dx 

o 

where 

f (x) - continuous probability density function for the random variable 

x representing the number of units in the total pipeline 

The Lagrangean function thus becomes: 

Si"1 //n | 
L(X,S) -    I     ^ * D1 *    /      f(x) dx)  - X *      Z    Cj * SJ- a 
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Now, 

Si-1 
d    1      f(.x) dx 

Ü   - F   * n    *  ii A cl 

=  Ei  * Di   *   fCSj-l)   -  X Cj 

and 

Setting the  partial derivative with  respect   to X equal  to  zero produces  the 

constraint.    Therefore,  any  X* that optimizes the Lagrangean function guarantees 

that  the constraint In the  original problem will be satisfied.     When this con- 

straint  Is satisfied,  the Lagrangean function reduces  to the objective function 

— * 
of  the  original  problem.     Therefore,   any set  of stock quantities  S      that 

optimizes  the Lagrangean  function  also optimizes the original objective function. 

* — * 
Thus,   the original constrained problem reduces to finding X    and  S      that 

optimize  the unconstrained  Lagrangean function.     Setting  the partial derivative 

with respect  to S.   to zero  it  is  found  that  the optimal  stockage  quantity  for 

the  ith item is that which satisfies  the following: 

X*C 
f(Si  " l) = ipfDl 

If  the probability density function f(x)  decreases as x increases there 

will be  a unique S^  that  satisfies  the above  condition,   if it  is  satisfied at 

all.    However,  if f(x)  increases,   reaches a peak then decreases,  there will 

be two Si's  that satisfy this condition,   if it is satisfied.     One S^^ will be 

to the  left of the mean of  the density function and one to the right.    The impact 

of this  situation on the Lagrangean function is illustrated in Figure D-I. 
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As  shown,   the  Lagrangean function  inltiallv  decreases slightly before  increasing 

to  a maximum.     The  LagranRean  function  therefore  has  a minimum and  a maximum. 

The  S,   to  the   left  of  the mean  that  has  a zero partial derivative corresponds  to 

the minimum.     The  S.   to the right  of  the mean corresponds  to  the maximum.     This  is 

* * 
the  optimal  stock  Quantity  S.   for  the  t«  item.     Finding S,   for each item  i yields 

_ * 
an  inventory  S       that maximizes   the Lagrangean  function. 

It   is possible  that  f(S.-l)  will be strictly  less than AC./E.D.  everywhere 

for some  items.     This means the  Lagrangean  function  reaches its maximum at  S. 

equal  to zero,   so the item should  not  be  stocked;   i.e.,   S    equals  zero. 

—* 
The procedure  outlined  above  for  finding  S    can be  applied with any value of 

A.     When used with A  ,   it produces  the solution to the original  problem.     When 

used with any  other  A,   it produces an inventory  that  still maximizes  the  Lagrangean 

function with  respect   to S but   does not  satisfy   the  constraint.     Hence,   the 

Lagrangean  function  is not  optimized with  respect  to A.     The  technique  of  Lagrange 

multipliers,   therefore,  comes down to  finding A   .    This  is done by  trial  and  error. 

_* —* 
A A  is selected  and  S    computed.     The cost  of  S    is  compared  to a.     If  it   is 

* —* 
suff '     ently  close,   A  is  taken  to be a good  approximation of  A     and S    is  accepted 

as solution.     If  not,   A is  adjusted  and  the  process  is  repeated until   A     is 

found. 

Stock quantities were treated as nondlscrete numbers In the above discussion 

—* 
to permit finding S using differentiation.  In practice, only integer values of 

S. a.  considered.  While it is expeditious to create a fictitious continuous 

f(x) to describe the T.agrange multiplier technique, in practice the discrete 

Poisson distribution is used to describe the number of units in the total pipeline. 

The Poisson probabilities P(n) described in the first section of this Appendix 

are compared to the expression AC./E.D.. The optimization is a matter of finding 

ehe smallest integer with Poisson probability P(n) less than this expression. 

The iterative process to find this Integer begins with the Integer with maximum 
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Poisson probability.  If LT (the mean of the Poisson distribution defined in the 

first section of this Appendix) is not an integer, the integer with maximum 

Poisson probability is the largest integer which is less than the mean.  If L_ is 

an integer, both it and ly  minus one have equal probability greater than any other 

integer. The search for the optimal stock quantity S. therefore begins with the 

largest integer which is less than or equal to L- and proceeds by comparing the 

probability of successively larger integers to XC./E.D. until an integer is found 

with probability less than this expression. This guarantees the process will find 

the maximum, not the minimum of the Lagrangean function.  If the maximum Poisson 

probability is less than the expression, the optimal inventory quantity is zero; 

i.e., the item should not be stocked. The algorithm applied to find S. for each 

item given X is summarized below: 

a. Find the largest integer which is less than or equal to LT as an initial 

value for S.. 

b. If x*c± P(si) < VD7 

do not stock the  item;  otherwise go on to c. 

c. Increment S.   by one. 

H        If                          l                                                          X*Ci d'      I£ V(Q   )   <  h. 

select S.  as S.  and stop;  otherwise,  go to step c. 

This algorithm generates  the solution to the original problem of maximizing 

units satisfied,  and hence,  supply effectiveness,   for a given cost.    The converse 

problem of minimizing the cost  to achieve a given level of supply effectiveness 

can also be solved with this algorithm.    A direct solution of the converse prob- 

lem involves  a A which is the negative reciprocal of the  A used here.     However, 

both problems are solved by finding the X* that produces the cost or effective- 

ness desired. 

3.     Constraining the Optimization.     If the optimization algorithm described in 

section 2 of  this Appendix is applied to each candidate for stockage,  it will 
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select the optimum mix of range and depth to achieve a cost/effectiveness 

target.  Optimum, that is, if the item characteristics upon which the decisions 

are based are accurate.  In reality, these item characteristics are forecasts 

which are subject to an unknown degree of variability.  The effect of this 

variability on expected supply effectiveness is discussed in the Approach. 

The variability of item characteristics also has an impact on the optimization. 

Inaccurate forecasts can cause the optimization to select deficient or excessive 

stock quantities for certain items.  While the impact of imperfect forecasting 

cannot be eliminated, it can be minimized by placing constraints on the stock 

quantities selected by the optimization.  The constraining of an optimization 

is beneficial if done in moderation.  Unfortunately, there is a tendency to add 

more and more constraints over time.  Excessive constraining can eventually 

destroy the optimization process itself.  Stock quantities entirely set by 

constraints result. 

The constraints used for the purposes of this study were minimal.  A 

minimum stock quantity consisting of an operating level, repair cycle level, 

order and ship time level, resupply delay time level and endurance delta level 

is computed for each item. These unprotected levels are summed and the total 

is .5 rounded to produce the minimum.  A maximum stock quantity consisting of 

a repair cycle level, order and ship time level, resupply delay time level and 

endurance delta level protected to 99% is also computed. An additional oper- 

ating level minus one unit are added for consumables to support the units 

waiting to be requisitioned. The optimal stock quantity selected by the 

optimization is compared to the minimum and maximum stock quantities and 

constrained accordingly. The constrained stock quantities are used to compute 

the cost and effectiveness associated with a given X, 

■; 
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APPENDIX E - ANALYSIS OF ALTERNATIVE RANGE CRITERIA 

l.  Repairables.  The alternative range criteria described in the Approach were 

used in conjunction with RIM-AIR protected to 85% and the results analyzed. The 

analysis was accomplished as follows.  First, the range, cost and effectiveness 

of RIM-AIR with range determined by depth were computed. Next, a RIM-AIR 

inventory with a range determined by the current range criteria was developed. 

The current range criteria splits attrition and repair demand. The repair 

demand was eliminated if it was determined that no stock was required to 

provide 85% protection on the repair pipeline.  This is true when the repair 

cycle level is less than .1625.  As long as the repair cycle level was .1625 or 

more it was included in the depth computation and supported by the total 

RIM-AIR stock quantity.  Similarly, attrition demand was eliminated if below 

the attrition threshold. When above the attrition threshold, the attrition 

demand forecast was used to compute OST, RDT and endurance delta levels in the 

depth computation.  An item was stocked if the repair cycle level was .1625 or 

more or the attrition threshold was surpassed, i.e., both the attrition and 

repair demand were not eliminated. 

The attrition thresholds currently used by ASO produced activity 

inventories costing less than those produced by the range by depth criteria. 

It was necessary to lower the attrition thresholds until the costs associated 

with the current range criteria equaled the range by depth costs.  In this way, 

the range of items stocked and resulting gross effectiveness produced by each 

criteria for a given cost was determined and a comparison made.  The attrition 

threshold values obtained in this manner for each activity are shown in TABLE 

E-I along with range, cost and effectiveness statistics for the current and 

range by depth criteria. Similarly, removal thresholds were found that produced 

costs for activity Inventories constructed with the quarterly removals above a 
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threshold criteria equal to the range by depth costs.  These removal threshold 

values are also shown in TABLE E-I along with statistics for the quarterly 

removal above a threshold criteria. 
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TABLE E-I shows that the quarterly removals above a threshold criteria 

stocks the most items and produces the highest gross effectiveness for a given 

cost.  It is the best range rule for RIM-AIR with fixed protection.  If 

quarterly removals above a threshold is best, the threshold for an activity 

must be determined.  As discussed in the Approach, NAVSUPSYSCOM proposed using 

an activities Accommodation Index to establish a threshold.  This was done for 

the study activities and the results are shown in TABLE E-I.  The Accommodation 

Index for the USS CONSTELLATION produced a range with over 1,200 fewer items 

than the benchmark range which was 3,680. The Accommodation Index for NAS 

Brunswick produced a range with just under 1,200 fewer items than the benchmark 

range which was 1,535.  The gross effectiveness produced by the Accommodation 

Index was below the .12A goals for both activities.  The reason the 

Accommodation Index produced a lower range and fell short of the .12A gross 

effectiveness goals was that it did not consider demand for noncandidate items. 

If adjusted to consider noncandidate demand, the Accommodation Index can be 

used to identify the quarterly removal threshold that produces a gross 

effectiveness goal given a certain level of net effectiveness. 

The alternative range criteria were also analyzed when used in conjunction 

with the optimization.  The results are shown in TABLE E-II.  In order to make 

a comparison based on the effects of the range criteria alone, it is necessary 

to keep the depth computation constant. With the optimization, the stockage 

quantity for a particular item is based on the relative cost/effectiveness of 

all the items in the inventory. This means the stockage quantity for a 

particular item is affected by the range of items stocked and hence the range 

criteria. To make a valid comparison of different range criteria with the 

optimization, the same Lagrange Multiplier must be used. This assures that the 

I 
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stockage quantities computed for an item stocked by the different range 

criteria will all be the same. 
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The Lagrange Multipliers used to produce the statistics presented in TABLE 

E-II were determined by optimizing the range by depth criteria to a cost 

target. The cost target used was the cost of RIM-AIR with 85% fixed protection 

with the benchmark range criteria shown in TABLEs VII and VIII in the main body 

of the report. The Lagrange Multipliers found for each activity in this manner 

were used with the current and quarterly removals above a threshold criteria. 

The cost target was achieved with these two criteria by altering the attrition 

and removal thresholds.  The Accommodation Index was not examined with the 

optimizatio-i because it is a mechanism for establishing a quarterly removal 

threshold and not a separate range criteria. 

The results in TABLE E-II show that range by depth and quarterly removals 

above a threshold both produced the same effectiveness for approximately the 

same cost for the USS CONSTELLATION. The range of items stocked, however, were 

decidedly different. The range determined by depth exceeded the range produced 

by quarterly removals above a threshold by over 1,000 items.  Both range by 

depth and quarterly removals above a threshold produced about three percentage 

points more gross effectiveness than the current criteria for the same cost. 

The results for NAS Brunswick show that range determined by depth produces one 

percentage point more gross effectiveness than the current and quarterly 

removals above a threshold criteria for the same cost. Range by depth also 

• produced the largest range by stocking over 600 items more than the other 

criteria. 

Both range by depth and quarterly removals above a threshold produce about 

the same effectiveness for the same cost.  To choose the best range criteria, 

consideration must be given to what is required to apply the criteria. 

Quarterly removals above a threshold requires a threshold.  An adjusted 
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Accommodation Indsx can be used to find a threshold that produces a gross 

effectiveness goal given a certain level of net effectiveness.  Net 

effectiveness is dependent upon the Lagrange Multiplier.  To select a Lagrange 

Multiplier, thresholds associated with several Lagrange Multipliers would have 

to be generated.  Each Lagrange Multiplier would result in a different level of 

depth and hence net effectiveness.  In this way, a variety of range and depth 

combinations that meet the gross effectiveness goal could be compared.  The 

combination that meets the goal at least cost would be best. 

The procedure outlined above for determining a threshold would be 

cumbersome to apply in practice.  The alternative would be to arbitrarily 

assign a threshold and optimize to the gross effectiveness goal.  This approach 

is not likely to produce the most cost/effective mix of range and depth and 

hence will cost more.  Finding the right mix of range and depth is primary 

advantage of using the range by depth criteria with the optimization. When 

range is determined by depth and the depth is optimized the optimal combination 

of range and depth is found.  Applying the range by depth criteria is simply a 

matter of optimizing to a cost/effectiveness goal.  Optimizing range does have 

a possible undesirable side effect.  Intuitively, an optimized range would seem 

more likely to vary across successive requirement recomputations than quarterly 

removals above a threshold.  Such churn in the items stocked from AVCAL to 

AVCAL is costly. An item could be dropped from the range and offloaded as 

excess only to be added back to the range as a deficiency.  The amount of churn 

that would be generated by an optimized range is unknown.  However, should it 

prove to be substantial it could be overcome by the addition of a constraint on 

the optimized range that considers past stockage and demand. The constraint 

would force an item to be stocked if a requirement already exists and it was 

E-8 
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demanded in the past even if the forecasted future demand was insufficient to 

Justify stockage. 

2. Consumables.  The current and range by depth criteria were used in 

conjunction with RIM-AIR protected to 85%.  Quarterly removals above a 

threshold was not analyzed separately because this criteria is the same as the 

current for consumables.  Both criteria stock items based on predicted 

attrition demand above a threshold. The range, cost and effectiveness of 

RIM-AIR with range determined depth were computed first.  Next, a RIM-AIR 

inventory with a range determined by the current range criteria was developed. 

The attrition thresholds currently used by ASO produced an inventory costing 

less than that produced by the range by depth criteria.  It was necessary to 

lower the attrition thresholds until the cost associated with the current range 

criteria equaled the range by depth cost.  In this way, the range of items 

stocked and resulting gross effectiveness produced by each criteria for a given 

cost was determined and a comparison made. The attrition threshold obtained in 

this manner is shown in TABLE E-III along with range, cost and effectiveness 

statistics for the current and range by depth criteria. 

TABLE E-III shows that the range by depth criteria stocks over 3,000 more 

items than the current criteria for the same cost.  Both criteria produce the 

same level of effectiveness.  From this it would appear that the additional 

items stocked by the range by depth criteria contributed nothing to 

* effectiveness. The effectiveness of the current range criteria is already close 

to the maximum achievable with the ARR candidates.  The addition of a few 

thousand low demand items does little to increase effectiveness. As with the 

repairables, using the Accommodation Index to establish an attrition threshold 

produced a depleted range.  Although this reduced range was loss than a third 

of that produced by the current and range by depth criteria, the effectiveness 
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only decreased a few percentage points. Apparently, a large portion of the 

consumable demands for candidate items are for a small number of items. 
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The operating level drives the range selection for low cost items with the 

range by depth criteria.  This is because a positive Wilson EOQ is computed for 

a low cost item even if the predicted demand is extremely low.  A positive 

operating level guarantees stockage.  This explains why range by depth stocked 

more items than the current criteria.  Almost all low cost items with predicted 

E-12 

peacetime demand greater than zero were stocked.  This tendency to stock every 
- 

low cost candidate is not very practical. The current criteria has the ability 

to differentiate between low cost items. The only requirement is that a demand , 

threshold must be established.  As discussed in the repariables section of this 

Appendix, an adjusted Accommodation Index can be used to identify a threshold 

that produces a gross effectiveness goal given a certain level of net 

effectiveness.  Unfortunately, because of the large number of demands for 

noncandidate items, the OPNAVINST 4441.12A gross effectiveness goal can never 

be achieved with the ARR candidate data used is this study.  The adjusted 

Accommodation approach will stock every ARR consumable candidate, just as the 

range by depth criteria did, in attempting to reach the goal.  Thus, until the 

consumable candidate data is improved, the establishment of a demand threshold 

will be a purely subjective matter. 

I 



APPENDIX F - FIXED VS. VARIABLE PROTECTION APPROACHES TO SAFETY LEVEL 

1.  Repairables.  The variable protection techniques were compared to fixed 

protection using the current and alternative range criteria described in the 

Approach.  Inventories were constructed with each range criteria by varying the 

simple variable protection control parameter and the optimization Lagrange 

Multiplier until the fixed protection cost was approximately reproduced. The 

current range criteria were applied using the attrition thresholds and the .11 

repair cycle cutoff currently used by ASO to produce AVCALs.  The attrition 

thresholds for items not receiving local repair asset support is one unit 

attrited every nine months for items with a unit price under $5,000.  One unit 

attrited every six months for items with a unit price of $5,000 or more. These 

same thresholds were used with the quarterly removals above a threshold range 

criteria.  That is, an item with a unit price under $5,000 was stocked if it 

was predicted to be removed once every nine months.  If the unit price was 

$5,000 or more, the item was stocked if it was predicted to be removed once 

every six months.  Range, dollar value and effectiveness statistics for the USS 

CONSTELLATION are presented in TABLE F-I.  Statistics for NAS Brunswick are 

presented in TABLE F-II. 
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The results presented in both tables show that the variable protection 

techniques consistently provide higher effectiveness for a given cost than 

fixed protection.  Furthermore, the simple variable protection produced 

effectiveness almost exactly equal to the optimization for a given cost with 

the current and quarterly removals above a threshold range criteria. When range 

was determined by depth, the optimization outperformed the simple variable 

protection approach for both activities. 

The fact that the simple variable protection and optimization produce 

approximately equal effectiveness for the same cost when the range is 

determined independently from the depth shows that the simple variable 

protection approach produces a good approximation to the optimal depth. It does 

not, however, produce a good approximation to the range selected by the 

optimization under the range hy  depth criteria. The optimization selects a 

greater range of items and produces higher gross effectiveness than the simple 

variable effectiveness approach. 

2. Consumables. The variable protection techniques were compared to fixed 

protection using the current and range by depth criteria.  Inventories were 

constructed with each range criteria by varying the simple variable protection 

control parameter and optimization Lagrange Multiplier until the fixed 

protection cost was approximately reproduced. The current range criteria were 

applied using the attrition thresholds currently used by ASO to produce AVCALs. 

The attrition threshold for items with a unit price under $5,000 is one unit 

attrited every nine months.  For items costing $5,000 or more, the threshold is 

one unit attrited every six months.  Range, dollar value and effectiveness 

statistics are displayed in TABLE F-III. 
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The results displayed in TABLE F-III show that all in all the variable 

protection approaches did no better than fixed protection.  Minimum wartime 

effectiveness, which Is explained in detail in Appendix D, was actually lower in 

many cases.  Basically, the effectiveness produced by fixed protection was 

already close to the maximum possible with the ARR candidates.  There was 

little room for improvement.  The fact that the optimization produced lower 

effectiveness in some cases may seem suprislng. However, the optimization 

assumes perfect forecasting of item characteristics. The result is therefore 

not optimal once variability In forecasting is introduced. When the variance to 

mean ratio used to describe the forecasting accuracy is low, as was the case 

with repairables, the devitaion from the true optimal will be small.  With a 

large variance to mean ratio like the one used for consumables, the deviation 

becomes noticeable when fixed protection outperforms the optimization. 
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